BS aut 
ae SD 


yee 


FS, 


ais 


A 
SYSTEM 


OF 


CHEMISTRY. 


 . Baldwin, Printer, 
New Bridge-Street, Lendon. 


SYSTEM 


OF 


CHEMISTRY, 


. IN FOUR VOLUMES. 


By THOMAS THOMSON, M.D. 


REGIUS PROFESSOR OF CHEMISTRY IN THE UNIVERSITY OF GLASGOW, F. R. S. 


LONDON AND EDINBURGH, FELLOW OF THE LINNASAN SOCIETY, OF THE 
GEOLOGICAL SOCIETY, OF THE CAMBRIDGE PHILOSOPHICAL SOCIETY, OF THE 


IMPERIAL MEDICO-CHIRURGICAL AND PHARMACEUTICAL SOCIETIES OF PETERSBURG, 
OF THE ROYAL ACADEMY OF SCIENCES OF NAPLES, OF THE MINERALOGICAL > 


SOCIETY OF DRESDEN, OF THE C4SARIAN NATURAL HISTORY SOCIETY OF MOSCOW, 


OF THE LITERARY, AND PHILOSOPHICAL, AND NATURAL HISTORY SOCIETIES 


OF NEW YORK, &c. 


Che Airth Coition. 


——= 
VOL. II. 
a 


LONDON : 


~\ 


PRINTED FOR BALDWIN, CRADOCK, AND JOY; 


FOR W. BLACKWOOD, AND BELL AND BRADFUTE, EDINBURGH; 


AND HODGES AND MACARTHUR, DUBLIN. 


ae OOS AsaMowr Awan sae ae 


ay ts hay a 


ae i Sh ee ear R'E) oe iinet we ay 1 TS oy Jia a ca 

Se 8 of Sty Wee. iy etetad: appa WA: Shinet 

aweF ee oe Sess) Aste ussite) aoe om sant sire ee Eee ht e- ii nian 

LA DAI RAHAREE. 363 Bere cnis Lint agents fs {ateuere ins HOR Pn te Ree j 

ae PAD OS REGS tot eee. 442 wt) oe big Pr ! re oo Rit og ri hte wee tis: 
- ye i 

‘ Tr hsd dante: a ERP HRS CRO eet! ts é kee ¥en 2 ie ex xan, bi ear ole 

ae geile A STR. FEN a eaninieceica vit "RHA  SNahTeh. ‘ ial % 

an ee hy oe Ae te i Sela ae ear wis ‘Pe ‘ a 


- 
is 
« 
% 
Sn 
. 
) 
- 
7 


a My i ‘ « : EA = j ~/ . ta 7 + 
wee : 5 * f 7 7 a a > © Ve; i 
; 4 ra Lee int els LJ , + oe 
¥ ; Are! Sb ELT Thy Lt Boe _ 
M ; a: 
ae a te A 
i 
- Are r, 
a 
AS 
hae 
1 od 
ey * : +! ‘ 
Lv} = ¥ % 
ia! ‘ 
a 
‘ 
: wes, ? 
ies ‘ ‘ > ; a 
inh ’ + A ¢ 
we vee 
re ¥ - 
eVLe ‘ ‘ a 
aa* + 
‘ tv, ; 
a 13 : 
ant a 
ae 
al 4 - 
vk 1 ¢ 
Wee auf st 
~ ms } 
= Wiss te 


Wheeasa , 
Pe <8 1 ae AMIOAaR aia 
py A) at 

iparartds ORE CK. Ty eee 
“Mahe a ama Tens MTA 4 ie Relat 


ee ae We 
Se Ai LAB ey 
» ’ 
ef ie ~ => Was 
ve ‘ 7 “ihe 
Pen okt ac aa at 
: } Pi 
” ¥ 
# . 
rs / 
7 oe 
a. amu 
yy VeN 
i ‘ 
' y 
- Ne ‘ 
. ety 


CONTENTS 


VOLUME SECOND. 


Page 

Boox If. Of Compound Bodies), 4... 54.60... veren 1 

Division TI. Of Primary Compounds)... . 2. cal ss cove os Z 
Suspivision I, Of Compounds of Oxygen with Simple 

Combustibles). uc. ses see, RR Oe 3 

Coder. I, Of Unsalifiable Oxides » swe ce wctecices 5 s% . ibid 

Seer. 1. Of Protoxide of Azote. as. .as...-3 040s ibid 

J Of Déntoside: of AZO Li. mde vn vs i 7 

GIT WV Ace? ie at pele are BU eee BSS sins 12 

4... OF Carbone Oxide |. os Hes i oc Be wih ere 21 

Cuap. II.-OF Salttaple Bases... oy bugis cuen cd caecns 26 

Sect. 1. Of the Combustible Bases ............ ibid. 

o. Ofte Fixed. Alkalies « irs. needa diaees 49 

$/Of the: Alcalme, Barths, oc, bens. ssd sss 56 

#. OF the Baris EROpen = hry. des ow oss Wh 3 71 

&. SOL the Netaiie Oxides tus% ons os eos Ve 

Crpar. TE OF Acide cs ne Mee re ee CEU Re Gg 78 

Genus I, Acids with a Simple Basis............ 81 

Sper dd, Of INimicy eee aie 6. hited caw cna, .S2 

2. OF Niteous Cid. = atone sp ove se arate 90 

8. OF CanmORmiG Cid xs. eis v/aiyei e's hee Se 93 

A OE BOPGeie ACI bo tains eon Leer 6 oes 98 

DS OR OWN he pr a, ee hace iourah Doe 

6.) Of, Prosglerie AG.) ayo viiejeverwes nee vi FOE 

1. Ob Phosphorous, ACU 6:50500%'s <% aig Os 109 

8. OF Hy Sa ig ROG Aa-aidabie «« 16 

B.. OF Gulp ere uC 5 ot tthe ae ie woe os 111 

10... Of Sulphurtus Acith. ii wes. 24-cesinsads ii? 

11. Of Hyposulphurous Acid...... Hales ole) 3 hae 

12. Of Hyposulphuric Acid ......... eee | 

13...0f Selenite Med. 2. eee. «i es a eee be 

14, COT Nicene ACG ob A eehsile s Ge e's owes « 124 

1G: OL Pirsenions- Med oo ooo oie: wens peeaae. hae 

16. OF Antonie, AGidio ii. kook a ese 126 

17. Of Antimonious Acid ...... eee esac. ae 

TS. Or, Chrome phe 22. weiss. «2 ys. ahs agael iy ee 

LD, OE MolyOeierRCid + ba ihui.. oa + 5 one oe 130 

20; Oi DMN ete DCH, «2. ode Ws «!si 6 agape 132 

21..Of Columbic Acid .....: . 2: Pe to eae 

Genus II. Combustible Acids .......... Pouiiis 134 

Dei Lan eee Noid 9 ia ie. Oe oa ve 135 

og Oh. Henzoic, ACIG «s,s d. desea xtshe DOG 


oe ire OCI ACID (oo, pe cy ok 150 


vi 


CONTENTS. 


. Page 

&,. OF Moraxyitt eit. os 2. ..52 sae 152 

5. Of Camphoric Acid ........ 150098 -2 iDd4 

G. OF BOI ACIO ico cees aso sen wees 155 

7. OF Bubetie A Gites Oo .'. eae 2 oe 157 

BOT NEGCOUIC AOI yoo os oy ee ns ee 158 

OP So are age, > tas = 59 oe 160 

10, OF VyvOtaanie AIG 0s ches w anes. NOM 

bs a i agg 22 FLV (gle. 4 6 (ee i 164 

TANT ORBEA CIA.. . os wc 6 cs Capi cage ~ OS 

TOC POF Nemete CXCIG once a ee ce > 170 

PS OF Toriaric AGI 6. co ek ks pane 173 

BOO CHIC CN. os itanusn koa ows oe 176 

TOL OE NUS OI cow ess iorsre os Ph aiehits 179 

17. Of Saclatic or Mucic Acid | ........ .. 181 

5 Lee ee i Sh CARR OL ap al eceR RE Ai e N ibid. 

POMOTTPULBMING RCW n,m docs une 42 26% * 187 

DOPOr Taecic Acids so oe aise oo Eagan 189 

i Ve 2 MONO cecal concer eine teas liwieks 190 

POOP Veastic IeCUd  o acctc wae ons Dee © 194 

PS "Of POMC CI ccc nasaewsiecseaees. Ree 

B40 (OF Tactic NGG... ss oe cs ee pia ass tote 198 

OS MOT WiaimMmeric ACI —. 5 ko wee eee k ds 202 

Oe Or Gane roc. ues cae Ott 203 

CIA Ds) Bea | al 5 dS a item mde A SA Pn Bae GOT 

De VOR NAC OO oo oro cra ste e a oe em Goes 223 

OS. (GENET Al TREMMATICS ca cunlers wae s.0\s. ol views 295. 
Suspiviston II. Of Compounds of Chlorine with Sup- 

porters and Combustibles........ 228 

Cuav.1. Of the Compounds of Chlorine and Oxygen ibid. 

Succes? OFT Cinerie Acit .. vc oe. oe achat 229 

2 PAGE VI CTEIEIe CHG y's wince aie’ sree Be awe 238 

CHAPS HOR Ciitorces oes nc hae ssn sk cc ebas ibid. 
II. Of Acids composed of Chlorine and a 

CORMIUStIDIeT. «et eee ake ve te Fe 249 

et Fe HOR White ACI ss wes owe eee es ibid 

2° OF Chiorocarponic 10d oo 3. Las ws 270 
Suspivision III, Compounds of Iodine with Supporters 

BMG COMMIUSEIDICS yo ucs os ese ss ibid. 

Cuapr.I. Of the Compounds of Iodine with Supporters 271 

Cre Or OMe Gl oe oa win at be sche sae « ibid. 

BS Ot (MOMOGIC TACTIC, c..<.:.. sce cask ee 275 

Chit A SUNN ROr OCs. a ous eee wkinn. takers +s Geek e ibid. 
Cuar. HI. Of Acids composed of Iodine and a 

ROORTIFUSTIDLC ese. nus 0.509 Avie 2 Riecees Ois Q75 

mC COE GR a CW ccnp! «3. cae oe blew 276 


Sugspivision lV. Of Compounds of Fluorine with 


Supporters and Combustibles ...... 279 


CONTENTS. vu 
Page 
Cuap. I. Of Acids composed of Fluorine and a 
Comptgcien.). $6 4) at «Pe nics eee 279 
Secor. I.. Of Fluoric Acid, . t\aintaRuasi. Panchen 280 
o- Of Filnaeborie Acid ty iting Be... cose. 285 
9... OF FlacctetorAeidloeia’ fascia... 286 
Suspivision V. Of Compounds of Cyanogen with 
Supporters and Combustibles ...... 283 
Cuap. I, Of Compounds of Cyanogen and Sup- 
POrLerGuUed.. Ab ida’. «ake o's cle sias 289 
Secr. 1.. Of Chlorocyanic Acid ....23/...5.... ibid. 
Cuap. II. Of Acid Compounds of Cyanogen and 
Combustible. a8. Weare utd. . oso 5s 291 
Sect. 1. Of Hydrocyanic or Prussic Acid...... ibid. 
2, .-Of. Sulphochyazic Acide, co 0.040 2.0 302 
g.. Of Vernochwamie Ata Ui, . 2.6 0 o's 308 
Suspiviston VI. Of Compound Combustibles...... 317 
Cigar. 1b ...O68 Riconeh.cc AO AU ow he av a vs 318 
PS POE, Binersaeg we Va pceR Foie be dco e +s t's 340 
Suor, 1.08 Sulphuric Meher's 401.00... - ibid, 
9... OF Nidvic, ARet 2. GW Ue oases, oc 348 
3.146, Chloric Wither). 36 pie we. os Coes 355 
4.. QE Ninriatie Hane? Jentina oh. oe os ss 356 
5. Ol Bydrigdren mers 2200. . OU. os 055 ss 359 
6:, OF Acetic Wieictin, Ja ude. PEE oS 360 
4s OF Formic Liners te wi S8s os 3 bs 362 
Crap Til. Of V olatve: Que pos. sche. PB eds ce 363 
LV. OF fixed: Oil ei. im PREG ob eos eign Oth 
Secr. 1.. Of the fixed Ous iit general .........., + ibid 
2. OL Bterr iri 8), 40 ible ns Bein cad acs 381 
Go OF Mains se. . a awe te Wicaiwuaha jos 384 
ao CER PCCMACEEIS WN fila didiid oh bd edad <i» 386 
BE VERT PATIO 68 5.0.5: soos: + 4:5; socestagers 2OF 
GpAOT: Glere Aeidi, (3'20 i ein. o LAE RaR 390 
Je OF CoucAeidin 6. eee 42 AAS... 391 
Cig. Vs. OF. Bitumen Ou. Wie. Pw eke. 393 
sper, TOF Bitummous Oils v3 5..0.6. aK). ibid. 
2.0% Proper Bitwmens) (yc. 5. es once 398 
Division II. Of Secondary Compounds.............. 405 
EOE! 4 ho re oe ere, ee ae 405 
BEATPORT OO Hag ny OHAIOSS BO) ky 6 ocd 407 
Deon. by Salteor Amumiomialigys.-. 2... 6. oe ke 411 
Zaaalts of Potash. .¢Ga0u 232..4 ia bind. 425 
Su malts of Sader .oh). ealy, 0k VERS. 3% 450 
4 malts oF Lamia s. ¥410 04 Bhs WB. hs 468 
Go alts ton * Wonpyhia | 05930 4) Fics 5 ee 472 
G.Palteof eycbie:. )25050..) ida. 474 
Pere OM WG 6 oc kde na ete ee 475 


Vill 


CoAap V. General (Remote. ooh oe ela 4 sana ee 


CONTENTS. 
Pure - 
6. Salts of Wicrotoxta adh)... fete. 470 
9... Balts of Dolphin nde? ..°,.....-20ses 478 
10. - Salts otedgames, Avigg Tt), ok teas A'79 
10. Salts et Baryler ace). oP... ve 4.96 
1], “Salts ofaetrontiin woes. FL. obsess dec 508 
a2: Palte@peningnesia’ 4 20d. Peelad yi es 515 
i Maan AGI oc nso xs bw os 528 
i4sSalte~or Glucihatee oo t..dscbhw lh 531 
15, ROS Ol, eas. hs vw ces a 535 
16, Salis ObeZarconia ny... ok eae. . ; 545 
AT epalterordronamc. be.4. 6), Et. a4 til} 548 
13. (Salts or, Nickels 5; os. Sows e os 565 
19, ‘Salts'of Coebal¢ saline! . is ck were. 572 
20: Salts of, Manganese lac. 34)... 88.5.5 os 5T7 
2%, Saltewl (C emma. oe Bice xilanes 584 
O20 ~Saltsof Upaniiin. 2:3.) . 5 F. donuts othe 588 
2S. Sets Of ZinG i sta ey Me vod a tietale leds 592 
24.) Salts or Ladmium wei Moda eke 600 
25; SAMS OL MUEOM Weal eos ale EOS R 603 
ZG Ales 308 Tame Raat Ee Ue os oe oe 624 
Dis SBMSsOl “Copmer Qe le. 2 hic. eels ok Sees 630 
20. malts Ot, Srsmnena ih a Sua so ele, 652 
30... Salts.ot Mercury: i012) AA Fo5558s 650 
Sh. alts ot Silvie, Sxiesss the. Eh outage fe 664 
OC Salts Ou trois A Geen’. Ako. ce aiden 676 
$8. Salts-of Platwmntumiilow. Mendih.cae's. 678 
84. Salts.ot Palladinm tow. ho. as bx. bas Oe 
35, wsaltecor inoue. 6 o-4.. Mv aks cE. on 684: 
86. Saltesoe. AVIGIUG- Bik siSb bk osteo 8 ie. a B86 
27 ESOL Pell atime ck Ae Baik. a, we aces ibid. 
Genus I. Salts in which the Oxide of Tellurium 
acts the part of an Acid .......... 687 
Genus II. Salts with Base of Tellurium ........ 688 
Secr. 38. Salts of Antimony 455. 2505.05. 2 ee ee 689 
30... Salts of: Ditanium decent. vs eek 692 
_Cnap. III. Of the Combination of Sulphuretted Hy- 
drogen with Bases.; 2.2... 04, 2.5. 694 
Sect. 1. Of Hydrosulphurets......... 4 whet. Sle eg OG 
2. Of Hydroguretted Sulphurets.......... 701 
3. Of Metallic Hydrosulphurets and Hi dke: 
guretred Sulphiiretes<. of eeuds.'. 704 
Crap.d¥, JOE GOODS \. .fele ts ersten eaves se vy pe 711 
Sect. 1. Of Alkaline Soaps) -A).nies .cknss ck. ibid. 
2. OF Marty Boner’ Se Mies so ee. oe 716 
3. Of Metallic Soaps and Plasters ........ cpl 


720 


A 


SYSTEM 


Or 


CHEMISTRY. 


BOOK It. 
OF COMPOUND BODIES. 


IN the present state of the science of chemistry, I have poor, 
thought it better to describe several of the compound sub- 
stances while treating in the last book of the simple bodies, by 
the union of which they are constituted, than to place all the 
compounds under distinct heads. A contrary plan has been 
followed by some modern writers, but I think the result has 
been such as ought to deter others from imitating their ex- 
ample. The unity of the subject has been destroyed, and the 
facts have been exhibited in so unconnected a manner, as must 
considerably retard the progress of the student, while it fa- 
tigues and disgusts those who are already acquainted with the 
subject. 

Compound bodies are of two kinds. Some of them are Divisions. 
formed by the combination of two or more simple substances 
with each other. Thus phosphoric acid is composed of phos- 
phorus and oxygen; and oil, of hydrogen and carbon. 
Others are formed by the combination of two or more com- 
pound bodies with each other. Thus phosphate of ammonia 
is composed of phosphoric acid and ammonia; volatile lini- 
ment, of oiland ammonia. The first of these kinds of com- 
pounds | call Primary Compounds; to the second I give the 


name of Secondary Compounds. It will be convenient to de- 
VoL. I. RB | 


2 PRIMARY COMPOUNDS. 


Book I scribe each of them separately. I shall therefore subdivide 
uw2 © this book into two divisions. In the first I shall treat of pri- 
mary compounds, and in the second of secondary compounds. 


DIVISION I. 


OF PRIMARY COMPOUNDS. 


I have already given an account of the different compounds 
which the simple combustibles* form with each other. We 
have here therefore only to examine the different primary 
compounds formed by the union of the combustibles with the 
supporters of combustion. Besides the four simple supporters, 
there is another substance, cyanogen, which forms compounds 
analogous to those formed by the supporters. It will be ad- 
vantageous therefore to consider it as a supporter, and to 
place the compounds which it forms among the primary com- 
pounds. Besides the combinations of supporters with com- 
bustibles, there are some substances formed by the union of 
certain combustibles with each other, or with oxygen, of so 
much importance in chemistry, that they require a particular 
description; yet so imperfectly analysed that we cannot ven- 
ture to class them according to their composition. These I 
shall place among the primary compounds under the title of 

/ compound combustibles. Primary compounds then will be de- 
scribed under the six following heads. 


Chastesios I, Compounds of oxygen with simple combustibles. 
ae. II. Compounds of chlorine with supporters and combus- 
tibles. 
III. Compounds of iodine, with supporters and combus- 
tibles. 
IV. Compounds of fluorine, with supporters and combus- 
tibles. 
V. Compounds of cyanogen, with supporters and combus- 
tibles. 


VI. Compound combustibles. 
We shall take these different heads in the order in which they 
have been enumerated. 


* To avoid too many subdivisions [ include azote among the combusti- 
les, though, strictly speaking, it ought to constitute a class by itself. 


UNSALIFIABLE OXIDES. 3 


SUBDIVISION I. 


OF COMPOUNDS OF OXYGEN WITH SIMPLE COMBUSTIBLES. 


Tue compounds which oxygen forms with the simple com- Subiivis. 1. 
bustibles are of three different kinds. Some possess the pro- ae 
perties of acids. Some are capable of neutralizing acids and 
forming salts; on which account they have received the name 
of salifiable bases. Some are neither acids nor capable of 
neutralizing acids. ‘hey have hitherto been called simply 
oxides; but we shall distinguish them by the name of unsalef- 
able oxides. We shall consider these three sets of compounds 
separately. ‘This division therefore will consist of three chap- 
ters. In the first I shall describe the unsalifiable oxides; in 
the second the salifiable bases; and in the third the acids. 


CHAP. I. 
OF UNSALIFIABLE OXIDES. 


TuE only simple combustibles, as far as we know at present, 
eapable of uniting with oxygen, and forming unsalifiable 
oxides, are azote, hydrogen, and carbon. Azote forms two 
such oxides, namely, the protoxide and the deutoxide of axote, 
hydrogen gas forms two, namely water and peroxide of hydro- 
gen; and carbon forms one, namely, carbonic oxide. These 
five oxides will be described in the following sections. 


SECT. I. 
OF PROTOXIDE OF AZOTE. 


Prorox1pE of azote was discovered by Dr. Priestley about aistory. 
the year 1776, and called by him dephlogisticated nitrous gas. 
He procured it first by keeping iron filings in nitrous gas, 
and by keeping a mixture of iron and sulphur in the same 
gas.* The associated Dutch chemists examined it in 1793, 
and demonstrated it to be a compound of azote and oxygen.t+ 
But for a full investigation of its properties we are indebted to 


* Priestley on Air, ii. 54. | + Jour. de Phys. xlii 323. 
BZ 
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Sir H. Davy, who published an excellent dissertation on it in 
the year 1800. He gave it the name of nitrous oxide.* 

1. It may be procured by the following process: take any 
quantity of nitrate of ammonia (a salt composed of nitric acid 
and ammonia) in crystals, and expose it in a retort, by means 
of a lamp, to a heat not under 340°, nor above 500°. It melts 
rapidly, and is decomposed, emitting a great quantity of gas, 
which issues from the mouth of the retort, and may be re- 
ceived in glass jars in the usual manner. ‘The gas which 
comes over is protoxide of azote. This process was first 
pointed out by Berthollet; but it was much simplified by Davy.t 

2. Protoxide of azote, thus obtained, has all the mechani- 
cal properties of air: but it is much heavier than air; its 
specific gravity being 1°5277. 

It is capable of supporting combustion even better than 
common air; almost as well indeed as oxygen gas. A candle 
burns in it with a brilliant flame and a crackling noise. No 
combustible, however, burns in it, unless it be previously 
brought to a state of ignition. 

Dr. Priestley and the Dutch chemists had concluded that it 
cannot be respired; but they did not examine it in a state of 


. purity.t Davy ascertained that it may be breathed for seve- 


Action of 
water. 


ral minutes without any bad effects. The feelings produced 
by breathing it bear a strong resemblance to intoxication; but 
they are not followed by that langour and debility which is a 
constant attendant of intoxication. It cannot be breathed 
longer than about four minutes, without the loss of voluntary 
motion altogether. When animals are confined in it, they 
give no signs of uneasiness for some moments; but they soon 
become restless, and, if not removed in avery few minutes, 
die altogether. Hence we see that, though this gas be respi- 
rable, it is much less so than common air or oxygen gas.§ 

3. This gaseous oxide is absorbed pretty rapidly by water, 
as Dr. Priestley ascertained, especially when agitated. Ac- 
cording to the experiments of Saussure, 100 measures of water 


* Researches, chiefly concerning Nitrous Oxide. 

+ Mr. Proust has remarked that, the gas which comes over at the begin- 
ning of the process differs a little from nitrous oxide, and yet it is not nitrous 
gas. This happens only when the salt contains muriate of ammonia. 

t Dr. Priestley indeed found, in one instance, that a mouse breathed it 
five minutes without uneasiness. In this experiment he seems to have ob- 
tained it nearly pure.—Priestley, 11. 84. 

§ Davy’s Researches, p. 94. 


PROTOXIDE OF AZOTE. 5 


absorb 76 measures of this gas, and 100 measures of alcohol Subdivie. 
of the specific gravity 0°84 absorb 153 measures.* ‘The emgeey 
water acquires a sweetish taste; but its other properties do not 

differ perceptibly from common water. The whole of the gas 

is expelled unaltered by boiling the water.+ When this gas 
combines with the water, it expels the common air which was © 
formerly dissolved in the water. Hence the residuum of com- 

mon air, which always appears when this gaseous oxide is ex~ 

posed to a sufficient quantity of water.{ 

4, This gas is not altered by exposure to light, nor to any 
heat below ignition; but when made to pass through a red- 
hot porcelain tube, or when electric sparks are made to tra- 
verse this gas, it is decomposed, and converted into nitric acid 
and common air.§ 

II. None of the simple supporters, as far as is known, of suppor- 
produce any change upon this gas, even when heated in con- 
tact with it. 

III. As it is a supporter of combustion it is obvious that of simple 
the simple combustibles (some of them at least) must decom- Salat 
pose it in certain circumstances. 

1. Hydrogen gas and protoxide of azote detonate violently 
with a red flame, when astrong red heat is applied, or when the 
electric spark is made to pass through the mixture. When 
the proportion of hydrogen is equal to that of the oxide, the 
products are water and azote; when the proportion of hydro- 
gen is small, nitric acid is also formed. || 

2. Charcoal, confined in this gaseous oxide, may be kindled 
by means of a burning-glass. It continues to burn with great 
brilliancy, till about the half of the gas is consumed. The 
products are carbonic acid gas and azotic yas.** 

3. We do not know the action of boron and silicon on this 
gas from experiment. But there can be no doubt that they 
would burn in it and deprive it of the whole of its oxygen. 

4, Phosphorus may be melted and sublimed in this gas Phosphorus. 
without alteration; it may be even touched with a red-hot 
wire without undergoing combustion; but when touched with 
a wire heated to whiteness, it burns, or rather detonates with 
prodigious violence. ‘The products are, azotic gas, phospho- 


* Annals of Philosophy, vi. 340. 

+ Priestley, ii. 81. t Davy’s Researches, p. 89. 
§ Priestley, ii. 91, and Davy, ibid. p. 279. 
\| Priestley, ii. 83, and Davy, p. 286. 

w> Davy; ps S12. 
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UNSALIFIABLE OXIDES. 


ric acid, and nitric acid: a part of the oxide remains unde- 
composed. * 

5. Sulphur, at the common temperature of the air, is not 
altered by this gas. If it be introduced into it while burning 
with a blue flame, it is immediately extinguished; but if in- 
troduced while burning with a white flame, it continues to burn 
for some time with great brillianey, and with a fine red flame. 
The products are sulphuric acid and azote. When about the 
half of the protoxide is decomposed, the sulphur is extin- 
guished. 

Sulphuretted, phosphuretted, and carburetted hydrogen 


gas, likewise burn when mixed with protoxide of azote, and 


exposed to a strong red heat. The products differ according 
to the proportions of the gases mixed. 

6. No experiments haye been made to ascertain the action 
of arsenic and tellurium on this gas. ‘Che probability is that 
they would both deprive it of its oxygen, and that they might 


be made to burn in it. 
7. The action of the alkalifiable combustibles on this gas 


has been but very imperfectly examined. 5 

(1.) When potassium is heated in it the metal takes fire, 
and is first converted into peroxide of potassium. If the heat 
be continued the peroxide is decomposed in its turn, and is 
reduced to the state of nitrite of potash. The protoxide of 
azote is converted into a mixture of nitrous gas and azote. 
Sodium produces exactly the same effects on this gas.§ 

(2.) There can be no doubt that the metallic bases of the 
alkaline earths and earths proper would decompose this gas if 
they were heated in it; though hitherto the experiment has 
not been tried. 

(3.) Iron wire burns in this gas with the same brilliancy as 
in oxygen gas, though the combustion lasts but a very short 
time. ‘The iron is converted into black oxide; part of the ni- 
trous oxide is decomposed, its azote is evolved, while its oxy- 
gen combines with the iron.|| Zinc also may be oxidized in 
this gas.** Its effect upon the other metals has not been tried. 

IV. Sir Humphry Davy was of opinion that protoxide of 
azote has the property of combining with alkalies, and of form- 


* Davy’s’Researches, p. 303. t Davy, ibid. 

{ Gay-Lussac and Thenard. Recherches Physico-chimiques, i. 263. 
§ Ibid. p. 167. 

|| Priestley, ii. 13, and Davy, p. 286. ** Davy, p..373. 
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ing a peculiar kind of salt, to which he gave the name of Subaivis. I 
nitroxi, and which I afterwards called axotite. He formed wali 
these compounds by bringing the alkali in contact with the 
protoxide of azote at the instant of its formation. Thus he 
exposed a mixture of sulphite of potash and potash to nitrous 
gas. The sulphite deprived the nitrous gas of a portion of 
its oxygen, and converted it into protoxide of azote, and this 
protoxide united with the potash and formed the compound 
in question; which was afterwards separated from the sulphate 
of potash by solution and crystallization.* 

I have little doubt from the description of the salts formed 
by Davy, that they were in reality nzdrites of potash and seda. 
They were obviously the same with the salts formed by Gay- 
Lussac and Thenard, by heating potassium and sodium in 
protoxide of azote.+ 

V. From the experiments of Davy{ compared with those Compost- 
of Gay-Lussac and Thenard,§ there can be no doubt that me 
protoxide of azote is a compound of 1 volume azotic gas and 
4 volume of oxygen gas condensed into 1 volume. Or of 1 
atom azote + 1 atom oxygen, or by weight of 


'AUOO Pees ses ON is, erases 100 
CPV BOR: tie wages DOO tra eis 57°14 


Hence, if to 0°9722, the specific gravity of azotic gas, we 
add 0°5555, half the specific gravity of oxygen gas, we obtain 


1°5277, which is the specific gravity of gaseous protoxide of 
azote. 


SECT. IT. 
OF DEUTOXIDE OF AZOTE. 


DevTOXxIDE of azote, usually denominated nitrous gas, was History. 
obtained accidentally by Dr. Hales; but its nature and pro- 
perties were investigated by Priestley, in one of the first ex- 
cursions made by that illustrious philosopher into the then 
unbeaten tracts of pneumatic chemistry. As the phenomena 
exhibited by this oxide are intimately connected with the most 
important investigations in chemistry, its properties were exa- 


* Davy’s Researches, p. 268. 

+ From an experiment of Gay-Lussac, it is obvious that the sulphite of 
potash used by Davy was superfluous. See Ann. de Chim. et Phys. i. 397. 

{ Researches, p. 278. § Recherches Physico-chimiques, i. 166. 
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mined with great care, and occupied the attention of almost 
every chemist of eminence. 

1. It may be obtained by the following process : Put copper 
or mercury into a glass retort, and pour over it somewhat 
diluted nitric acid. The metal is rapidly dissolved with a 
strong effervescence, and a great quantity of gas issues from 
the mouth of the retort, which may be received in glass jars. 
This gas is nitrous gas. 

2. When pure it is invisible like common air, of which it 
possesses the mechanical properties. Its specific gravity is 
10416. 

Nitrous gas is exceedingly noxious to animals, producing 
instant suffocation whenever they attempt to breathe it. 

The greater number of combustible bodies refuse to burn 
In it: A taper, for instance, is extinguished the moment it is 
plunged into nitrous gas; the same thing happens to sulphur, 
even though previously burning with a white flame. It is ca- 
pable, however, of supporting the combustion of several 
bodies, as has been ascertained by the experiments of Priestley 
and Davy. When Homberg’s pyrophorus is introduced into 
nitrous gas, it takes fire spontaneously, just as it does in com- 
mon air. Phosphorus, too, when introduced into this gas in 

a state of inflammation, burns with as much splendour as in 
oxygen gas.* , 

4. When nitrous gas and common air are mixed together, 
the mixture instantiy assumes a yellow colour, heat is evolved, 
and the bulk of the two gases diminishes considerably ; slowly, 
if the experiment be made over mercury; but rapidly, if it 
be made over water. When the diminution has reached its 
maximum, the mixture becomes perfectly transparent. . The 
yellow colour is owing to a quantity of nitrous acid which is 
formed, and the diminution of bulk to the gradual absorption 
and condensation of this acid. What remains after this 
absorption is only azotic gas. The cause of this remarkable 
phenomenon is obvious. The nitrous gas combines with the 
oxygen of the air, and forms nitrous acid, which is condensed 
while the azote of the air remains behind in the form of a gas. 
Efence with equal quantities of nitrous gas and air the diminu- 
tion of bulk is always proportional to the quantity of oxygen 
present in the air. Hence it informs us of the proportion of 
that substance in any particular air. ‘The same phenomenon 


* Davy, p. 134. 
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takes place when oxygen gas and nitrous gas are mixed; but subaivic. 1. 
the condensation is much more considerable. Indeed it ©: 
would be complete, provided the two gases were perfectly pure, 

and mixed in the proper proportions. 

Many experiments have been made in order to determine Compounds 
the proportions in which nitrous gas and oxygen gas unite ee 
together. But the subject is of very difficult determination. 
Dalton first gave a satisfactory explanation of the anomalies, 
by showing that oxygen is capable of uniting with two dif- 
ferent proportions of nitrous gas. 21 measures of oxygen gas 
unite, according to him, with 36 measures or with 36 x 2 = 72 
measures of nitrous gas.* In his New System of Chemical Phi- 
losophy, he gives the result of his experiments at considerable 
length, and states the quantity of nitrous gas capable of 
uniting with 100 volumes of oxygen at 130, 180, 360 vo- 
lumes.+ Sir H. Davy relates the result of a great many ex- 
periments on these combinations; but he was not able to 
arrive at very definite conclusions. { Gay-Lussac has re- 
newed his experiments on this subject at different times. 

The conclusions which he has«lrawn are that 100 volumes 
of oxygen gas is capable of combining with 


133 volumes 
200 
4.00 


_ 


of nitrous gas.§ ‘These numbers are probably near the truth. 
I think it but fair, however, to state that I have never been 
able to verify the combination of 100 oxygen with 400 nitrous 
gas. But as all the intermediate proportions between these 
extremes are capable also of uniting with 100 volumes of 
oxygen, it is very difficult to obtain definite results. ‘The 
compounds formed are 


Nitric acid with 100 volumes oxygen + 133 nitrous gas 
NicrOUp ame 5 K100) Lee A B00 
Hyponitrous acid 100 ............ + 400 


5. When electric sparks are made to pass through nitrous 
gas, itis decomposed and converted into nitrous acid and 


* Phil. Mag. xxiii. 351. + Vol. ii. p. 327. 
} Elements of Chemical Philosophy, p. 260. He makes, however, the 


important deduction that nitric acid is a compound of 100 oxygen + 438 
nitrous gas. 


§ Ann. de Chim. et Phys. i. 394. 
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azotic gas.* Gay-Lussac has shown that when strongly heated 
it undergoes the same decompositions.+ 

6. Nitrous gas is readily absorbed by water. From an 
experiment of Davy, it appears that 100 cubic inches of water 
at the common temperature, and previously freed from air, 
absorb 11°8 cubic inches of nitrous gas, or nearly one-tenth, 
as Dr. Priestley had ascertained; but the experiments of Dr. 
Henry do not accord with this estimate. Water, by his trials, 
at the temperature of 60°, absorbs only five per cent. of its 
bulk of this gas.{ This solution has no particular taste, and 
does not redden blue vegetable colours, The gas is expelled 
again by boiling the water; § it separates likewise when the 
water is frozen.|| 

If. The simple supporters (oxygen excepted) have no action 
on nitrous gas while dry. But chlorine, when assisted by 
water, converts it into nitrous acid. 

III. The action of the simple combustibles on nitrous gas 
has not been examined with the minuteness that it deserves. 

1. Hydrogen gas mixed with it acquires the property of 
burning with a green flame A mixture of these two gases 
does not take fire when electric sparks are made to pass 
through it; but according to Fourcroy, it detonates when 
made to pass through a red hot porcelain tube; water is form- 
ed, and azotic gas is evolved.** 

2, Nitrous gas is decomposed by phosphorus and charcoal 
at a very high temperature, and probably also by sulphur. 
These substances are converted into acids by combining with 
the oxygen of the gas while its azote is evolved. 

3. Several of the metals have the property of decomposing 
it, especially when assisted by heat. ‘This is the case particu- 
larly with iron. Dr. Priestley confined a portion of nitrous 
gas for some time in contact with a number of iron nails; the 
gas was converted into oxide of azote, in consequence, doubt 
less, of the iron abstracting part of its oxygen.tt It was in 
this manner that Ss of azote was discovered by that 
philosopher. When the iron is heated to redness by means of 
a burning-glass, the decomposition is complete, the whole of 
the oxygen is abstracted from the nitrous gas, and only azotic 


* Priestley, i. 22. | + Ann, de Chim. et Phys. i. 398. 
$ Phil. Trans. 1803, p. 274. § Davy, p. 143. 
‘|| Priestley, i. 407. ** Fourcroy, ii. 91, 


tt Priestley, ii. 54. 
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gas remains behind.* Potassium acts upon this gas precisely Subdivis. I 
as on protoxide of azote, and is converted first into peroxide , 
of potassium, and then into nitrite of potash. But sodium 
does not undergo the same changes in it.+ 

IV. Dr. Priestley ascertained that nitrous gas is absorbed Absorbed by 
by the green sulphate of iron; a property which is employed ee 
successfully to ascertain its purity. All that is necessary is, to 
expose a given portion of nitrous gas in a close vessel to the 
action of the green sulphate; the quantity of gas which re- 
mains unabsorbed gives the proportion of foreign bodies with 
which it is mixed. Davy has proved, that all the salts con- 
taining the black oxide of iron possess the same property, and 
that they all absorb nitrous gas unaltered. The greatest part of 
it may be even expelled again by the application of heat. Seve- 
ral other metallic salts possess the same properties. { 

The following bodies have the property of converting deut- Convertea 


C = z into nitrous 
oxide of azote into protoxide: oxide. 


Alkaline sulphites, 

Hydroguretted sulphurets, 

Muriate of tin, 

Sulphuretted hydrogen gas, 

Tron or zinc filings moistened with water. 


To produce this effect, nothing more is necessary than to 
put these substances into jars filled with deutoxide of azote, 
and allow them to remain for a week or two. The substances 
gradually combine with a portion of oxygen, and are converted 
into oxides or salts. § 

V. From the experiments of Davy compared with those of 
-Gay-Lussac and Thenard, there can be no doubt that nitrous 
gas is a compound of 1 volume of azotic gas + 1 volume of 
oxygen gas, constituting together 2 volumes. Hence it is a 
compound of 1 atom azote + 2 atoms oxygen; or by weight of 


Oe aces TO as ae FOO 
Cnyven <. 2 Oo. sse Pres 


And its specific gravity is the mean between 1:1111, the spe- 
cific gravity of oxygen gas, and 0°9722, the specific gravity of 
azotic gas. For that mean is obviously 1°04165. 


* Fourcroy, 11. p. 38. 

+ Recherches Physico-chimiques, i. 161. t Davy, p. 179. 

§ Priestley and Davy, passim—During the action of the two last bodies 
@n nitrous gas, ammonia is likewise formed. 
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SECT. III. 
OF WATER. 


Turs well known liquid is found in abundance in every 
part of the world, and is absolutely necessary for the existence 
of animals and vegetables. When pure, in which state it 
can be obtained only by distillation, it is transparent, and 
destitute of colour, taste, and smell. ; 

1. As this liquid, from the ease with which it may be pro- 
cured in a state of purity, has been chosen for a standard by 
which the comparative weight of all other bodies may be esti- 
mated, it becomes of the greatest importance to ascertain its 
weight with precision: but its density varies with the tem- 
perature. 

Mr. Rice, from a careful comparison of the experiments of 
Lefevre Gineau* and Sir George Shuckburgh,} has shown 
that when the thermometer stands at 60°, and the barometer 
at 30 inches, the weight of a cubic inch of distilled water 
weighs 252°525 grains troy. He has shown likewise that the 
specific gravity of water is to that of air as 827-437: 1. 
Hence the weight of 100 cubic inches of air under the same 
pressure and at the same temperature is 30°519 grains. 

The specific gravity of water is always supposed = 1°000, 
and it is made the measure of the specific gravity of every 
other body. 

2. When water is cooled down to 32°, it assumes the form 
of ice. If this process goes on very slowly, the ice assumes 
the form of crystalline needles, crossing each other at angles, 
either of 60° or 120°, as Mr. de Mairan has remarked; and 
it has been often observed in large crystals of determinate 


figures.§ Ice, while kept at a temperature considerably be- 


low 32°, is very hard, and may be pounded into the finest dust. 
It is elastic. Its specific gravity is less than that of water, 
being only 0°94. 

3. When water is heated to the temperature of 212°, it 
boils, and is gradually converted into steam. Steam is an in- 
visible fluid like air, but of a less specific gravity. According 


* Jour. de Phys. xlix. 171. t Phil. Trans. 1777, and 1798. 
t Annals of Philosophy, xiil. 339, and xiv. 73. . 
§ See observations on this subject by Grew. Phil. Trans. Abr. ii. 54. 
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to the experiments of Gay-Lussac its bulk, under a pressure Subaivis. 1. 


of 29:922 inches of mercury and at the temperature of boiling 
water, is 1698 times greater than when in the liquid state. 
Hence its specific gravity is 0°6235, that of air being reckon- 
ed 1.* If we suppose its density to that of air as 10: 16, its 
specific gravity will be 0°625. If we suppose it composed of 
2 volumes hydrogen and 1 volume oxygen condensed into 
2 volumes, its specific gravity will be 0°62495. 

The elasticity of steam is so great, that it produces the most 
violent explosions when confined. It is upon this principle 
that the steam-engine has been constructed. 

The phenomena of boiling are owing entirely to the rapid 
formation of steam at the bottom of the vessel. The boiling 
point of water varies according to the pressure of the atmos- 
phere. In a vacuum water boils at 70°; and when water is 
confined in a Papin’s digester, it may be almost heated red 
hot without boiling. ‘The mixture of various salts with water 


affect its boiling point considerably. Mr. Achard made a Boiling 


: zs c oint at= 
number of experiments on that subject; the result of which eae iy 


may be seen in the following ‘T'aBLEs.} oe 


Crass I. Salts which do not affect the Boiling Point. 
Sulphate of copper. 


Crass IT. Salts which raise the Boiling Point. 


| Muriate of soda » (10°35° 
3% Sulphate of soda | a3 f 5°6 
= & } Sulphate of potash | » @} 09 
3% \ Nitrate of potash BEY 355 
“Ss | Boracic acid Be = 22 
< * ( Carbonate of soda O Peg t 2°35 


This augmentation varies with the quantity of salt dissolved. 


In general, it is the greater the nearer the solution approaches 
to saturation. 


* Gilbert’s Annalen, 45, 333. 
+ Trans. Berlin, 1785. Ihave not ventured to make any alteration in 
these tables, as [have not repeated the experiments myself; but I entertain 


doubts respecting the accuracy of some of the numbers, and believe the 
third and fourth classes to be wrong. 
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Crass III. Salts which lower the Boiling Point. 


Borax, { 2 small quantity, lowers the boiling point 1°350? 
O*>.“) Satuiratedbeblation (ah), 0.4 svete oi i os O92 


. In a small quantity ...... 247 
pulphate Ob ee ie hee solution of .... Itl 
A very small quantity of lasdeasaas waivers 0-0 
Alum, .< A, eveater, quanta): ie mt saeriee oaiHee-w i mglan 
A saturated solution of ........ Sh icscenl nite cela Leme 
Sulphate of lime, 0°02 
Sulphate of zinc, aM 0°45 
Sulphate of iron, mete Mace ewe 22 
Acetate of lead, 1°24. 
Crass IV. 
|" Muriate of {point nnn ee lowers the boiling Kips 
ammonlas (Saturated solution of, raises do. ...... 9°79 
Carbonate of ¢ Small quantity of, lowers do. ........ 0°45 


potash, Saturated solution of, raises do. ...... 112 


‘Water was once supposed to be incompressible; but the 
contrary has been demonstrated by Mr. Canton. ‘The Abbé 
Mongez made a number of experiments, long after that phi- 
losopher, on the same subject, and obtained similar results. 

4. Water is not altered by being made to pass through a 
red hot tube. Heat does not seem capable of decomposing it ; 
neither is it affected by the action of light. 

5. It has the property of absorbing atmospheric air; and 
it always contains a portion of it when it has been exposed to 
the atmosphere. The greater part of this air is driven off by 
boiling: but, from the experiments of Dr. Priestley, it ap- 
pears that the whole of it is not separated; nor can it be 
completely separated without great difficulty. Water owes 
its agreeable taste to the presence of air; hence the insipidity 
of boiled water. It absorbs oxygen gas in preference to air, 
and nearly in the same proportion, as was first ascertained by 
Scheele. 

Mr. Driessen has shown, that in order to free water from 
air, it must be boiled at least for two hours, and kept in a 
flask with its mouth inverted over mercury. If it be exposed 
to the air, after this process, for ever so short a time, it im- 
mediately absorbs some air; a proof of the strong affinity 


WATER. 


1S 


which it has for that fluid.** This philosopher has pointed Subdivis. I. 


out the following method of ascertaining whether water be 
perfectly free from air. ‘Tinge the water blue with litmus, fill 
a flask with it, invert the flask under water, and introduce 


into it pure nitrous gas till about , of the vessel is filled. If 


the water contains air, a portion of the nitrous gas will com- 
bine with its oxygen, and be converted into nitric acid. ‘The 
consequence of which will be, that the litmus will assume a 
red colour. Even the proportion of air in the water may be 
estimated by the quantity of ammonia necessary to restore the 
blue colour to the litmus. If the litmus retains its blue colour, 
we may be certain that the water which we try contains no 
sensible portion of air.t It is proper to remark, however, 
that this experiment does not succeed in a satisfactory manner, 
unless an unusual quantity of oxygen gas be present. No ef- 
fect is produced when nitrous gas is agitated with good spring 
or river water. 

If. None of the supporters of combustion, as far as we know 
at present, 1s capable of decomposing water. Hence it ap- 
pears that hydrogen has a stronger aflinity for oxygen than for 
any of the other supporters of combustion. 


Chap f, 


Ill. The action of the simple combustibles on water has not action of 


been examined with much care. Hydrogen gas has no action 
on it even ata red heat. Charcoal does not act sensibly while 
cold, but at a red heat it decomposes water, carbonic acid and 
carburetted hydrogen being formed, and a also carbo- 
nic oxide. 

2. ‘The action of boron and silicon has not been tried. But 
it is probable that these bodies would act with, at least, as much 
energy upon water as charcoal does. 

8. Phosphorus and sulphur do not seem capable of decom- 


posing water even when assisted by heat. Arsenic does not de- 


compose it at the common temperature of the atmosphere. 

4, Potassium and sodium decompose water with great energy, 
being converted into potash and soda, while hydrogen gas is 
evolved. There can be no doubt that the metallic bases of the 
alkaline earths and earths proper would also decompose water 
if they were put into that liquid. 


combusti-= 
bles, 


5. Iron, zine, antimony, and tin, decompose it when assisted or metals, 


by heat; silver, gold, copper, and platinum, have no effect upon 


® Phil. Mag. 1803, xv. 252. + Ibid. 
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Segal: it. The action of the other metals at a red heat has not been 
tried.* 

Alkaliesand 6. Water dissolves the alkalies and alkaline earths. ‘The 

earths. ° : ° . : 
earths proper are insoluble in it. It dissolves also acids and. 
salts, and is capable of combining with a great variety of bodies. 

Watercom- 7. Water has the property of uniting with bodies in two dif- 

fax’ 9% forent ways. Some it dissolves ; the compound becomes liquid, 
like water. In this way it unites with common salt, with su- 
gar, and a vast number of other bodies. Other substances 
combine with it without losing their solidity. The water in 
this case loses its liquid form, and assumes that of the substance 
to which it has united. In this way it unites to lime, to alu- 
mina, to many saline bodies, ana to a variety of metallic oxides. 
When the compound of water with another substance remains 
liquid, the proportion of water is unlimited; but when the 
combination formed is solid, the water combines always in a 
certain determinate proportion. 

To the first of these combinations, or the solutions of bodies 
in water, as they have been termed, considerable attention has 
always been paid; but the second kind, in which the water as- 
sumes a solid form, was very much overlooked, if not altogether 
neglected, till the attention of chemists was drawn to them by 
Mr. Proust, who has given to such combinations the name of 

Hydrate. hydrates. ‘Thus the combination of lime and water, usually 
called slacked lime, is in his language a hydrate of lime: in like 
manner, the crystals of barytes and strontian are hydrates of 
these alkaline earths, and crystallized potash and soda are hy- 
drates of the fixed alkalies. ‘Though the term hydrate is in 
some respects exceptionable, we shall continue to use it, as no 
other has been suggested. The compounds called hydrates de- 
serve attention, since they differ very considerably in their pro- 
perties from those bodies with which they have been hitherto 
confounded. ‘Thus the hydrates of lime, barytes, potash, &c. 
are very different in several respects from lime, barytes, pot- 


ash, &c. 
Alkatine The hydrates of potash and soda are crystallized, and con- 
hydrates, tain always a determinate proportion of water. When dissolved 


in water they occasion cold; whereas the alkalies in the state 
of powder produce heat. ‘The same observations are applica- 
ble to the hydrates of barytes and strontian. The proportion 


* Mem. Par. 1781, p. 273. 
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of water which combines with lime is much less considerable Subaivic. r. 
than that which enters into the composition of the hydrates capil 
just mentioned. Hence the hydrate of lime does not crystal- 

lize, but remains usually in the state of a powder.. We know, 
however, that it retains the water with great obstinacy, and that 

the formaticn of it is one of the principal causes of the soli- 
dification of mortar.* The hydrate of alumina is no less re- 
markable for the obstinacy with which it retains its water. It 

is the substance to which Saussure gave the name of spongy 
alumina. 

But the hydrates of the metallic oxides are the most remark~ metatine. 
able. They first drew the attention of Proust, and induced 
him to invent the term hydrate. His observations, as far as 
regards the hydrate of copper, have been called in question by 
Berthollet junior; but his arguments do not appear to me 
sufficiently conclusive to overturn the ingenious theory of the 
other chemist. He has demonstrated indeed, that the hydrate 
of copper usually retains a small portion of acid; but he has 
not shown that its peculiar properties are owing to that acid, 
while Proust has made the contrary more than probable, .by 
ascertaining that the properties of the hydrate remain the 
same, even when the proportion of acid varies, and when it is 
so far diminished as to be no longer perceptible. 

Most of the metallic hydrates are remarkable for the bril- 
liancy of their colours. ‘They are much more easily dissolved 
by acids than the oxides; and when put into the mouth they 
affect the organs of taste even more powerfully than the me- 
tallic salts. 

IV. Water was believed by the ancients to be one of the Opinions 
four elements of which every other body is composed; and, siiahges 
according to Hippocrates, it was the substance which nourishes ¥** 
and supports plants and animals. ‘That water was an un- 
changeable element continued to be believed till the time of 
Van Helmont, who made plants grow for a long time in pure 
water: from which experiment it was concluded, that water 
was convertible into all the substances found in vegetables. Mr. 

Boyle having digested pure water in a glass vessel hermetically 
sealed for above a year, obtained a quantity of earthy scales ; 
and concluded, in consequence, that he had converted it partly 
into earth.{ He obtained the same earth by distilling water 


* See Proust, Jour. de Phys, hx. 34. + Statique Chimique, ti, 455. 
{ Shaw’s Boyle, iit, 417. 
VOL. II, c 
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in a tall glass vessel over a slow fire.* Margraff repeated the 


experiment with the same result, and accordingly drew the 
same conclusion. But the opinion of these philosophers was 
never very generally received.+ ‘The last person who embraced 
it was probably Mr. Waselton, who published his experiments 
on the subject in the Journal de Physique for 1760. . Mr. La- 


voisier had proved, as early as 1773, that the glass vessels in 


which the distillation was performed lost a weight exactly equal 


to the earth obtained.t Hence it follows irresistibly that the 


appearance of the earth, which was silica, proceeded from the 
decomposition of the vessels; for glass contains a large pro- 
portion of silica. It has been since shown by Dr. Priestley, 
that water always decomposes glass when applied to its surface 
for a long time in a high temperature. 

Water is now known to be an oxide of hydrogen, or a com- 


pound of oxygen and hydrogen. As this discovery has almost 


entirely altered the appearance of the science of chemistry, by 
furnishing an explanation of a vast number of phenomena 
which were formerly inexplicable, it will be worth while to 
give a particular account of the different steps which gradually 
led to it. 

The first person prebobly who attempted to deuce vehi 
was produced by burning hydrogen gas was Scheele. He con- 
cluded, that during the combustion oxygen and hydrogen com- 
bined, and that the product was caloric. 

In 1776 Macquer, assisted by Sigaud de la Fond, set fire to 
a bottle full of hydrogen gas, and placed -a saucer above the 
flame, in order to see whether any fuliginous smoke would be 
produced. ‘The saucer remained perfectly clean; but it was 
moistened with drops of a clear liquid, which they found to be 
pure water.§ 

Next year Bucquet and Lavoisier exploded oxygen and hy- 
drogen gas, and made an attempt to discover what was the pro- 
duct; about the nature of which they had formed different 


conjectures. Bucquet had supposed that it would be carbonic 


acid gas; Lavoisier, on the contrary, suspected that it would 


* Shaw’s Boyle, i. 267. 

+ See an account of all the facts relating to this subject in Watson’s Che- 
mical Essays,iv. 257. 

t Mem. Paris, 1770, pp. 73, 90. This paper consists of two memoirs. 
In the first Lavoisier gives a full history of the opinions of preceding writers 
on this subject ; in the second, he gives a detail of his experiments. 

§ Macquer’s Dictionary, art. Gas inflammable. 


WATER. 


was ill-founded.* 

In the beginning of the year 1781, Mr. Warltire, at the re- 
quest of Dr. Priestley, fired a mixture of these two gases con- 
tained in a copper vessel; and observed that, after the experi- 
ment, the weight of the whole was diminished. Dr, Priestley 
had previously, in the presence of Mr. Warltire, performed 
the same experiment in a glass vessel. ‘This vessel became 
moist in the inside, and was covered with a sooty substance,t 
which Dr. Priestley afterwards supposed to be a part of the 
mercury used in filling the vessel. t 
' In the summer of 1781, Mr. Cavendish, who had been in- 
formed of the experiments of Priestley and Warltire, set fire 
to 500,000 grain measures of hydrogen gas, mixed with about 
24 times that quantity of common air. By this process he 
obtained 135 grains of pure water. He also exploded 19,500 
grain measures of oxygen gas, with 37,000 of hydrogen gas, 
and obtained 30 grains of water, containing in it a little nitric 
acid. From these experiments he concluded that water is a 
compound.—Mr. Cavendish must therefore be considered as 
the real discoverer of the composition of water. He was the 
first who ascertained that water is produced by firing oxygen 
and hydrogen gas, and the first who drew the proper conclu- 
clusion from that fact. Mr. Watt, indeed, had also drawn the 
proper conclusion from the experiments of Dr. Priestley and 
Mr. Warltire, and had even performed a number of experi- 
ments himself to ascertain the fact before Mr. Cavendish had 
communicated his ; but he had been deterred from publishing 
his theory by some experiments of Dr. Priestley, which ap- 
peared contrary to it.§ He has therefore a claim to the merit 
of the discovery; a claim however, which does not affect Mr. 
Cavendish, who knew nothing of the theory and experiments 
of that ingenious philosopher. | 

Meanwhile, in the year 1781-2, Mr. Lavoisier, who had sus- 
pected that when oxygen and hydrogen gas are exploded, sul- 
phuric or sulphurous acid is produced, made an experiment in 
order to ascertain the fact, at which Mr. Gengembre assisted. 


They filled a bottle, capable of holding six pints (French), with 


* Mem. Par. 1781, p. 470. + Priestley, v. 395. 
+ Phil. Trans. lxxiv. 332. § Ibid. Ixxv. 330. 
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hydrogen gas, to which they set fire, and then corked the bot- 
tle, after pouring into it two ounces (French) of lime-water. 
Through the cork there passed a copper tube, by means of 
which a stream of oxygen gas was introduced to support the 
flame. Though this experiment was repeated three times, and 
instead of lime water a weak solution of alkali and pure water 
were substituted, they could not observe any product what- 
ever.* This result astonished Mr. Lavoisier exceedingly: he 
resolved, therefore, to repeat the experiment on a larger scale, 
and if possible with more accuracy. By means of pipes fur- 
nished with stop-cocks, he put it in his power to supply both 
gases as they should be wanted, that he might be enabled to 
continue the burning as long as he thought proper. 

The experiment was made by Lavoisier and La Place on 
the 24th of June 1783, in the presence of Messrs. Le Roi, 
Vandermonde, several other academicians, and Sir Charles 
Blagden, who informed them that Mr. Cavendish had already 
performed it, and that he had obtained water.+ They con- 
tinued the inflammation till all their stock of gases was wasted, 
and obtained about 295 grains of water, which, after the most 
rigid examination, appeared to be perfectly pure. From this 
experiment Lavoisier concluded, that water is composed of 
oxygen and hydrogen. Mr. Mongez soon after performed the 
same experiment, and obtained a similar result: and it was re- 
peated again by Lavoisier and Meusnier on a scale sufficiently 
large to put the fact beyond doubt. 

This experiment has been so often repeated since, and has 
been varied in so many different ways, that it seems established 
beyond the reach of controversy. It appears therefore unne- 
cessary to continue the history any farther, or to examine the 
objections brought forward by Dr. Priestley, as the opinions 
of that philosopher have no longer any supporters. 

It was suspected soon after the original experiments of Mr. 
Cavendish that oxygen and hydrogen gases unite in the pro- 
portion of two volumes of hydrogen, and one volume of oxygen. 
But the experiments which first demonstrated the truth of these 
proportions with rigid accuracy, were those of Gay-Lussac and 
Humboldt. If the specific gravities which we have given of 
these two gases in the preceding book be accurate, then it fol- 
lows that water is a compound of 


* Mem. Par. 1781, p. 470. ¢ Ibid. p. 472. 
t Ibid. p. 474. 
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So that the hydrogen in water amounts to 3th of the weight, 
while the oxygen amounts to 3ths of the weight of that liquid. 

As for the peroxide of hydrogen, I have no additional facts 
to state to those given in the first volume of this work, while 
treating of hydrogen, 


SECT. IV, 
OF CARBONIC OXIDE. 


THE substance at present known by the name of carbonic wistory. 
oxide is a gas which had been confounded with carburetted hy- 
drogen, till Dr. Priestley drew the attention of chemists to it 
in a dissertation which he published in defence of the doctrine 
of phlogiston. His experiments were immediately repeated, 
and his opinions confirmed by Dr. Woodhouse of Pennsy]- 
vania. But the real nature and composition of the gas was 
discovered by Mr. Cruickshanks of Woolwich, and the dis- 
covery communicated to the public in 1862.* About the time 
of the publication of Mr. Cruickshanks’ dissertation, the ex- 
periment of Woodhouse, which he had transmitted to Irance, 
drew the attention of the National Institute. Guyton Mor- 
veau, who had been appointed to give a detailed account of 
these experiments, engaged Clement and Desormes to inves- 
tigate the subject; and these gentlemen were gradually led to 
the same conclusions+ which had been previously drawn by 
Cruickshanks. The subject in the mean time attracted the 
attention of Berthollet, whose experiments induced him to form 
a different opinion respecting the composition of charcoal and 
carbonic oxide from that which had been entertained by the 
other chemists. This opinion he supported in three elaborate 
dissertations, published in the fourth volume of the Memoirs 
of the National Institute ; in which he examines the experi- 
ments, and combats the conclusions, of the other chemists, 
with his usual sagacity. About the same time a dissertation 
was published by the Dutch chemists, contradicting the expe- 
riments of all other philosophers, and affirming the real results 
io be very different.t But the opinion of Cruickshanks gra- 


* Nicholson’s 4to. Journal, v. 1 and 201. 
} Ann. de Chim, xxxix, 88, and xlii, 121, } Ibid, xlin. 113. 
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dually gained ground, chiefly in consequence of the experi- 
ments and ahi of Dalton, and it seems now to o be muy 
established. 

I. There are four different processes by which carbonic oxide 
gas may be procured: First, When a mixture of purified char- 
coal and the oxides of iron or zinc, or indeed of any oxide ca~ 
pable of bearing a red heat, is exposed to a strong heat in an 
iron retort, the oxide is gradually reduced, and during the re- 
duction a great quantity of gas is evolved. This gas is a mix- 
ture of carbonic acid gas and another which burns with a blue 
flame. It is to this last that the term carbonic oxide has been 


applied. ‘The carbonic acid may be separated by passing the 


gas through lime-water. Mr. Cruickshanks tried in this way 


the datas of iron, zinc, and copper, litharge, and the black 
oxide of manganese. ‘The following conclusions result from 
his experiments: Those oxides which part with their oxygen 
most readily yield the greatest proportion of carbonic acid ; 
those that retain their oxygen most obstinately yield the great- 
est proportion of carbonic oxide. It is always towards the be- 
ginning of the process that the greatest proportion of carbonic 
acid gas comes over; it gradually diminishes, and at last no- 
thing but carbonic oxide is disengaged.* ‘The results obtained 
by Clement and Desormes coincide almost exactly with the 
experiments of Cruickshanks, But they satisfied themselves 
with the white oxide of zinc, without trying those of other 
metals. They substituted plumbago for charcoal, and obtained 
the same results.+ 

Second, When a mixture of 1 part of purified charcoal, 
and 3 parts of the carbonate of lime, or of strontian, or of ba- 
rytes, is exposed to a strong heat in an iron retort, the carbo- 
nic acid is gradually separated or decomposed, and gas is 
evolved in abundance. This gas consists of a mixture of about 
1 part of carbonic acid to 5 parts of carbonic oxide.f{ In this 
case a portion of the carbonic acid of the carbonate is disen- 
gaged unaltered, but the greatest part of it is converted into 
carbonic oxide by the action of the charcoal. 

Third, When a mixture of equal parts of any of the three 
above-mentioned earthy carbonates and clean iron filings is 
heated strongly in an iron retort, the carbonic acid is decom- 
posed in like manner by the action of the iron, and the very 


* Nicholson’s Jour. 1802, v. 2. + Ann. de Chim. xxxix. 33, 
+ Clement and Desormes, Ann. de Chim. xxxix. 45, 


CARBONIC OXIDE, 23 


same gases are procured in great abundance. Dr. Priestley subaivis. 1. 
first tried this method with the black oxide of iron and carbo- &“"", 
nate of barytes; but when Cruickshanks substituted pure iron, 

the gaseous product was considerably increased.* 

Fourth, When carbonic acid gas is made to pass slowly and 
repeatedly through prepared charcoal heated to redness in a 
porcelain or iron tube, it gradually disappears, and carbonic 
oxide is found in place of it. Here the charcoal decomposes 
the carbonic acid precisely as in the two last cases, with this 
difference only, that it isin a gaseous state, whereas in them it 
was combined with a base. This experiment was first made by 
Cruickshanks,} and afterwards by Clement and Desormes.} 

2. Such are the different processes for procuring carbonic How puri- 
oxide. From the experiments of Cruickshanks we learn, that "** 
the third method is the only one to be depended on for obtain- 
ing the gas in a state of purity. If equal parts of chalk and 
iron filings, previously exposed to a red heat separately in 
close vessels, be mixed together and strongly heated in an iron 
retort, the gases which come over are merely a mixture of car- 
bonic acid and carbonic oxide; and the first bemg abstracted 
by means of lime-water, the carbonic oxide gas remains ina 
state of purity. 

3. Carbonic oxide gas, thus obtained, is invisible and elastic Properties. 
like common air. Its specific gravity, according to the expe- 
riments of Mr. Harvey, is 0°9700, that of air being 1:000. If 
we calculate the specific gravity on the supposition that it is 
composed of 1 volume of carbon and 4 volume of oxygen con- 
densed into 1 volume, it will be 0: 972. 

Animals cannot breathe this gas without suffocation. Birds 
put into it by Desormes and Clement dropped down dead be- 
fore they had time to take them out; and when they attempted 
to breathe it themselves, the consequence was giddiness and 
faintness.§ Neither will any combustible body eg in it. 

It is not altered by exposure to light, nor by passing it 
through a red-hot tube. From the experiments of Clement 
and Desormes, we find that it is dilated by heat exactly like 
commen air, as was indeed to be expected. 

4. Carbonic oxide gas is combustible. It takes fire in the Combus- 
open air, when it comes in contact with a red-hot body, or when sie 
it is presented to the flame of a candle, and burns with a lam- 


* Nicholson’s Jour. 1802, v. 4 and 208. Tt Ibid. p. 209. 
} Ann. de Chim. xxxix. 46. § Ibid. p. 56. 
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bent blue flame. When mixed with common air before it is 
kindled, it burns more rapidly and brilliantly, but does not 
detonate. ‘The combustion is still more rapid and brilliant if 
we substitute oxygen gas for common air. Sometimes it deto- 
nates with oxygen, but most commonly the detonation does 
not take place. 

J]. ‘The’supporters of combustion act upon this gas in con- 
sequence of its combustibility. 

Oxygen unites with it by combustion, in the proportion of 
1 volume of oxygen to 2 volumes of carbonic oxide gas, and 
converts it into carbonic acid without altering its bulk. 

Chlorine gas combines with it when the two gases are mixed 
and exposed to astrong light. The two gases domisinbsi in equal 
volumes, and the compound, by the union, is reduced to half 
its former bulk. ‘This compound has the properties of an 
acid, and may be called chlorocarbonic acid.* 

Iodine appears to have no action upon carbonic oxide. 

III. The action of the simple combustibles on carbonic 
oxide has been but imperfectly examined. 

1. According to Clement and Desormes, when a mixture of 
carbonic oxide ‘and hydrogen gas is made to pass through a 
red-hot glass tube, charcoal is deposited, which lines the inside 
of the tube with a shining enamel; water is formed, and hy- 
drogen, seemingly pure, disengaged from the other end of the 
tube.+ But when this experiment was repeated by Saussure, 
junior, he found that the supposed enamel of charcoal was 
merely the black (or rather bluish) colour which flint glass ac- 
quires when hydrogen is brought in contact with it at a red 
heat, as had been previously observed by Dr. Priestley.t In- 
deed it is very unlikely that hydrogen gas is capable of decom- 
posing carbonic oxide; as Saussure has shown that, when car- 
bonic acid and hydrogen gas are made to pass through a red- 
hot tube, the acid is decomposed, and carbonic oxide pro- 
duced—a result which has been even confirmed by the subse- 
quent experiments of Clement and Desormes. 

2. When passed through red-hot charcoal, it dissolves a part 
of it, if we believe Desormes and Clement, and its specific gra~ 
is increased. 

3. When passed through melted sulphur, it does not com- 


* Its ote have been described in a former part of this work. See 
93 By is 


vol. 1. ps 
+ Ann. i Gita RKRIe OL; } Jour. de Phys. lv, 396. 
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bine with it, nor alter its properties; but it dissolves a little supatvis. 


phosphorus, and acquires the property of burning with a yel- 
low flame. 

4, The action of boron, silicon, arsenic, and tellurium, has 
not been examined. 

5. Potassium and sodium have no immediate action on car- 
honic oxide gas at the ordinary temperature of the atmosphere. 
But when heated in it they take fire, and combine with the 
oxygen of the oxide, while the carbon is deposited.* Pro- 
bably the metals of the alkaline earths and earths proper would 
likewise decompose this gas. 

6. From any experiments hitherto made, it does not appear 
that carbonic oxide is capable of acting on the other metals: 
but Clement and Desormes affirm, that when passed hot over 
the red oxide of mercury, it produces a commencement of re- 
duction. Indeed it is very likely that it will be found capable 
of reducing several of the metallic oxides, especially those that 
part with their oxygen easily. 

ITV. From the experiments of Cruickshanks, Clement and 
Desormes, Dalton, and Gay-Lussac, there cannot be a doubt 
that this gas is a compound of carbon and oxygen; that it 
contains half the oxygen that exists in carbonic acid; and, 


Chap. f 


Cn emel 


therefore, that it is a compound of 1 atom carbon + 1 atom Composi- 


oxygen, or by weight of 


CATHOD 1 oe n> (ea nn bhe ois LO 
Oxygen .....+ 1:00, sevseces 133°S 


Besides the oxides described in this chapter, it is probable 
that both sulphur and phosphorus are capable of forming 
oxides which are destitute of acid properties. But no such 
compounds have been hitherto observed or described with any 
Bipeision, 


* Gay-Lussac and Thenard; Recherches Physico-chimiques, i. 250. 
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Tue salifiable bases, or those bodies which have the pro- 
perty of neutralizing acids, are divisible into two sets; namely, 
J. Combustible bases, and 2. Metallic oxides. ‘The metalli¢ 
oxides have been usually subdivided by chemists into four 
classes; namely, fixed alkalies, alkaline earths, earths proper, 
and metallic oxides. For the term, metallic oxide, in chemical 
books, is usually applied emphatically to the oxides of those 
metals which may be reduced without difficulty to the metallic 
state. Though this division is not quite accurate, it is attended 
with some advantages, which render it requisite for us to re- 
tain it. This chapter will therefore be divided into five sec- 
tions. In the first of these, I shall give an account of the 
combustible bases, and in the last four of the fixed alkalies, 
allxaline earths, earths proper, and the metallic oxides. 


SECT W 
OF THE COMBUSTIBLE BASES, 


‘Tue combustible bases at present known are six in num- 
ber’; namely, : 
Ammonia, 
~ Morphia, 
‘Strychnia, 
Brucia, 
Picrotoxia, 


Delphia. 


- None of these have been hitherto accurately analysed, ex- 
cept the first, and perhaps also the second. But there is rea- 
son to believe that they all contain oxygen, except ammonia. 
Indeed they seem to bear the same relation to the other sali- 
fiable bases, that the combustible acids do to the incombustible 
acids. ‘Though we have no satisfactory evidence that ammo- 
nia contains oxygen, it is so closely connected with the sali- 
fiable bases described in this chapter, that it cannot with pro- 
priety be separated from them. 


I. AMMONIA. 


Am™Monxa can be exhibited in a state of purity only under 
the form ofa gas. It may be procured in the following manner : 


AMMONIA, - cde i 


1. Put‘into a retort a mixture of 3 parts of quick-lime and subdivis. t. 
Chap. If. 

I part of sal ammoniac in powder. Plunge the beak of the Cy 
retort below the mouth of a glass jar filled with? mercury, and Prepara- 
standing inverted in a basin of mercury. Apply the heat of 
a lamp to the retort: a gas comes over, which displaces the 
mercury and fills the jar. This gas is ammonia. 

Ammonia was altogether unknown to the ancients; the al- History. 
chymists were acquainted with it, though not in a state of pu- 
rity, being combined with carbonic acid, and often also dis- 
solved in water. Basil Valentine describes the method of ob- 
taining it. It was known by the name of volatile alkali ; it 
was also called hartshorn, because it was often obtained by clis- 
tilling the horn of the hart; spzrit of urine, because it may be 
obtained by the same process from urine; and spirit of sal 
ammoniac, because it may be obtained from that salt. Ir. 
Black first pointed out the difference between ammonia aind 
carbonate of ammonia, or ammonia combined with carbortic 
acid; and Dr. Priestley discovered the method of obtaining it 
in a state of purity, by the process described in the beginning 
of this Section. 

'2. Ammonia in the state of gas is transparent and colourless troperties. 
like air; its taste is acrid and caustic like that of the fixed al- 
kalies, but not nearly so strong, nor does it, like them, corrode 
those animal bodies to which it is applied : its smell is remark- 
ably pungent, though not unpleasant when sufficiently diluted. 
Its use as a stimulant to prevent fainting is well known. | 

Animals cannot breathe it without death. When a lighted 
candle is let down into this gas, it goes out three or four times 
successively ; but at each time the flame is considerably en- 
larged by the addition of another flame of a pale yellow co- 
lour, and at last this flame descends from the top of the vessel 
to the bottom.” | 

Its specific gravity is 0°590, that of common air being 1. 

When exposed to a cold of — 45° it is condensed into a 
liquid, which again assumes the gaseous form when the tem- 
perature is raised. “When passed through a red hot tube of 
porcelain or glass, it is totally decomposed and converted into 
hydrogen and azotic gas.t That this experiment may suc~ 
ceed, the diameter of the tube must not be too great. 

3. It combines very rapidly with water. "When a bit of ice Liquid an- 
is brought into contact with this gas, it melts and absorbs the ™°" 


* Priestley, ii. 381. + Morveau, Ann. de Chim. xxix. 292. 
} Priestley, 11. 395, 
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‘ammonia, while at the same time its temperature is diminished. 


Cold water absorbs this gas almost instantaneously, and at the 
same time heat is evolved, and the specific gravity of the water 
is diminished. Water, by my trials, is capable of absorbing 
780 times its bulk of this gas; while, in the mean time, the 
bulk of the liquid increases from 6 to 10. The specific gravity 
of this solution is 0°900, which just accords with the increase 
of bulk. It is in this state that ammonia is usually employed 
by, chemists. The term ammonia almost always means this li- 
quid solution of ammonia in water. When heated to the tem- 
perature of about 130°, the ammonia separates under the form 
of gas. When exposed to the temperature of — 46° it crys- 
tallizes; and when suddenly cooled down to — 68°, it assumes 
the appearance of a thick jelly, and has scarcely any smell.* 

It follows from the experiments of Davy, that a saturated so-< 
Jution of ammonia is composed of 


74°63 water 
25°37 ammonia 


(es Se 


100°00 


The following table, for which we are indebted to Mr. Dal- 
ton, exhibits the quantity of ammonia contained in ammonia- 
cal solutions of different specific gravities.+ 


| 


Grains of ammonia Grains of ee Volumes of gas 


Specific gravity of jin 100 water grain} in 100 grains of | Boiling point of | condensed in a 

liquid, measures of liquid. liquid. the liquid. given volume of 
the liquid. 

0°85 30 35°S 26° 494: 
0°86 28 32'6 38 4.56 
0'87 26 29°9 50 419 
0°88 24 27°3 62 382 
0°89 22 24°7 74: 346 
0°90 20 Q2°2 86 Sil 
0°91 18 19°8 98 277 
0:92 16 17°4 110 244 
9°93 14 ea 122 21) 
0°94 12 12°8 134 180 
0°95 10 10°5 146 147 
0°96 S 8°3 158 116 
O97 6 6°2 173 87 
0°98 4: 4°] 187 57 
0°99 2 2° 196 28 


* Fourcroy and Vauquelin, Ann, de Chim. xxix. 289, 
+ New System of Chemical Philosophy, ii, 422. 
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4. Ammoniacal gas is not altered by light; but when elec- subir. 1. 
tric sparks are made to pass through it, the bulk of the gas is Sp igh 
doubled, and it is converted into hydrogen gas and azotic gas.* Action of 

. js z electricity, 

II. The supporters of combustion act with considerable 
energy upon ammonia, as might have been expected from its 
constituents. 

1. When oxygen and ammoniacal gases are mixed, the mix- Of oxygen, 
ture may be fired by an electric spark, as was first observed by 
Dr. Henry.+ The mixture burns in all proportions, between 
3 oxygen and 1 ammonia and 3 ammonia and 1:4 oxygen. 
When the oxygen is in excess the whole ammonia disappears, 
and a quantity of nitrate of ammonia is deposited. When 
the ammonia exceeds, the whole of it is decomposed by the 
explosion ; part of its hydrogen unites to the oxygen and forms 
water while the rest remains mixed with the azote in the ga- 
seous state. ‘The proportion of these two gases may be deter- 
mined by a subsequent detonation with oxygen. If it were 
possible to burn the whole of the hydrogen in the ammonia 
without touching the azote, 100 volumes of ammonia would 
require for complete combustion 75 volumes of oxygen, and 
the residue would consist of 50 volumes of azote. But it does 
not seem possible to remove the hydrogen without acting at 
the same time on the azote. Ammonia may be burnt in the 
same way. 

2. When pure ammoniacal gas is mixed with chlorine gas Chlorine, 
it takes fire and burns with a lively white flame, part of the 
ammonia is decomposed, the chlorine is converted into muri- 
atic acid which unites with the undecomposed ammonia and 
is deposited in the form of sal ammoniac. Nothing remains” 
but a quantity of azotic gas amounting to half the bulk of the 
decomposed ammonia. ‘The same decomposition takes place 
when water holding chlorine in solution is mixed with liquid 
ammonia. 

3. Iodine likewise decomposes ammonia though not with so Iodine. 
much energy. One portion combines with the hydrogen of 
the alkali and is converted into hydriodic acid, while another 
portion uniting to the azote constitutes the iodide of azote. 

III. The action of the simple combustibles on ammonia has of combus- 
been but imperfectly examined. aaa 

1. Hydrogen, as might have been expected, produces na 
change on it whatever. 


* Priestley, ii, 389. ¢ Phil. Trans. 1809, 
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-2, Charcoal absorbs ammoniacal gas, but does not alterats 
properties while cold. But when the gas is made to pass 
through red-hot charcoal, part of the charcoal combines with, 
it and forms the substance known by the name of prussic acid,* 
or hydrocyanic acid. 

3. We are not acquainted with the action of boron and, 
silicon. . | } 

4. Phosphorus produces no change on ammoniacal gas 
while cold; but when this gas is made to pass through phos- 
phorus in a red-hot porcelain tube, it is decomposed, and 
phosphuretted hydrogen gas formed. 

5. It combines with sulphur in the state of vapour, and 
forms a sulphuret which decomposes water, and forms hydro- 
guretted sulphuret of ammonia, known formerly by the name of 
fuming liquor of Boyle, because it was first described by that 
philosopher.{ It is commonly prepared by distilling a mix- 
ture of 5 parts of sal ammoniac, 5 parts of sulphur, and 6 of 
quicklime. It is a liquid of a red or rather deep orange co- 
Jour, and exhales a fetid odour, in consequence of an excess 
of ammonia which it contains. Its nature was first pointed 
out by Berthollet.§ 

6. When potassium or sodium is heated in ammoniacal gas, 
the metal is converted into an olive-green matter, quite desti- 
tute of the metallic lustre, while at the same time a portion of 
the ammoniacal gas is absorbed and a quantity of hydrogen 
emitted, exactly equal to the quantity that would be evolved 
if the potassium or sodium were put into water. If the olive- 
green matter be heated, it gives out 3ths of the ammonia 
absorbed, 2ths in the state of ammoniacal gas, and 1th in the 
state of hydrogen gas and azote. Sir Humphrey Davy, 
having heated the olive-coloured matter strongly in a platinum 
tube, obtained nearly the whole of the ammonia absorbed; 
though about 3ths of it was in the state of azotic and hydro- 
gen gas. If the olive-coloured matter be placed in contact 
with a very little water, it is converted into potash or soda and 
ammoniacal gas, and the gas is just equal to what the metal 
had absorbed. If it be placed in contact with a metal and 


heated, an alloy of the metal with potassium or sodium is 


obtained. 


* Scheele, ii. 183; and Clouet, Ann, de Chim. xi. 30. 
+ Fourcroy, ii. 237. I Shaw’s Boyle, 11. 78. 
§ Ann. de Chim, xxv. 288. 
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For these curious facts we are indebted to Gay-Lussac and subaivis. 1. 
Thenard,* and Davy. They seem to me to show that potassium es 
and sodium have the property of decomposing ammonia and 
combining with its azote, while the hydrogen of the ammonia 
is set at liberty. The azoturet formed it would seem is capable 
of absorbing and uniting with a portion of undecomposed 
ammonia. When water is placed in contact with this azoturet 
it is decomposed, its oxygen converts the potassium into pot: 
ash, while its hydrogen converts the azote into ammonia. 

There is one circumstance however which cannot be recon- 
ciled to this simple explanation of the phenomena. Water is 
a compound of two volumes hydrogen and one volume oxygen, 
whereas ammonia is a compound of three volumes hydrogen 
and one volume azote. Now since the potassium disengages 
from the ammonia exactly as much hydrogen as it does from 
water, it is obvious that it can deprive the ammonia of only 2 
volumes of hydrogen, so that 1 volume of hydrogen and 1 
volume of azote must remain to enter into combination with. 
the potassium. _ What the nature of this substance (composed. 
of 1 atom azote + 1 atom hydrogen) is we cannot say, as it 
has never been obtained in a separate state. But that it is this 
unknown substance and not pure azote which enters into com- 
bination with the potassium appears to follow irresistibly from 
the phenomena. 

7. Ammonia does not appear eapatile or combining with of netate 
any of the metals; but it changes some of them into alte 
and then dissolves them. The oxidizement is evidently in con- 
sequence of the decomposition of part of the water with which 
the ammonia is combined ; for hydrogen gas is emitted during 
the solution. Copper and zinc are oxidized by the action of 
ammonia ; as are also tin and iron, though only superficially. 
Scarcely any of the other metals are altered by its action.. 

Liquid ammonia is capable of dissolving the oxides of silvery Di solves 
copper, iron, tin, nickel, zinc, bismuth, and cobalt.+ When oy eae 
digested upon the oxides of mercury, lead, or manganese, it is 
decomposed, water is formed, by the union of the hydrogen of 
the ammonia with the oxygen of the oxides, and azotic gas is 
emitted.{ If a considerable heat be applied, nitric acid is 


* Recherches Physico-chimiques, i. 337. 
= It dissolves the protoxide of iron when added in excess, but only in 


small quantities. The peroxide of iron is insoluble in it; so is the peroxide 
of cobalt, acco eee to Thenard. 
+ Scheele 
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formed at the same time with water.* Several other oxides 
are also partly deoxidized when ammonia is poured into their 
solutions in acids. The ammoniacal solution of the peroxide 
of copper is of a fine blue colour, and, according to Sage, 


capable of crystallizing. When heat is applied, the ammonia 


is partly driven off, and partly decomposed, by the combina- 
tion of its hydrogen with the oxygen of the oxide. 

IV. Ammonia combines readily with the oxides of gold, sil- 
ver, and platinum, and forms compounds, known by the names 
of fulminating gold, fulminating silver, and fulminating pla- 
tinum; because, when heated or rubbed, they explode with 
great violence. It forms a similar compound with the red 
oxide of mercury. 

Fulminating gold may be prepared by dissolving: gold in 
nitro-muriatic acid, diluting the solution with thrice its weight 
of water, and then dropping in pure ammonia by little and 
little as long as any precipitate is formed ; taking care not to 
add too much, because in that case part of the precipitate is 
again dissolved. The precipitate, which is of a yellow colour, 
is to be washed in pure water, dried slowly upon filtering pa- 
per, and then put into a phial: which, to prevent accidents, 
ought not to be corked, but its mouth covered with a linen 
rag or a slip of paper. This powder is fulmiuating gold; 
which is composed of 5 parts of yellow oxide of gold and 1 
part of ammonia.t ‘The preparation of this powder is de- 
scribed by Basil Valentine ; and its singular properties excited 
the attention of all succeeding chemists. Various attempts 
were made to account for its fulminating property, but with- 
out success, till Bergman published his dissertation on it in 
1769. He demonstrated, that it is a compound of ammonia 
and yellow oxide of gold: that during its explosion the oxide 
is reduced, the ammonia decomposed, and the azote, which it 
contained, set at liberty in the form of gas.t These facts 
(partly discovered by Scheele) led him to explain the explosion 
as follows: Ammonia is composed of azote and phlogiston. 
When heat is applied to fulminating gold, the phlogiston 
combines with the oxide, and forms gold, while the azote flies 
off in the form of gas. ‘The experiments of Bergman and 
Scheele were repeated and confirmed by Berthollet in 1786 ;. 
and the nature of oxides having been previously ascertained by 


* Milner, Phil. Trans.—Fourcroy, v. 355. + Bergman, ii, 155. 
7 Bergman, ii, 153; and Scheele on Fire, 137. 
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Lavoisier, he was enabled to give a more satisfactory explana jener Ls 
tion of the phenomena. During the explosion, the hydrogen sgn 
of the ammonia combines with the oxygen of the oxide, and 

forms water; the gold is reduced, and the azote evolved in the 

form of gas. The great expansibility of this gas by heat ex- 

plains the violence of the explosion. 

Fulminating gold explodes when struck violently, or when 
triturated in a mortar, or when heated to a temperature of 
about 400°.* ‘The noise is tremendous ; and when in any con- 
siderable quantity (12 grains for instance) it lacerates the me- 
tallic plate on which it is placed. When heated in close ves- 
sels, sufficiently strong to resist its action, it is reduced silently, 
and without any marks of violence.} [ts force was compared 
with that of gunpowder by the Royal Society, but found inferior. 

Fulminating silver was discovered by Berthollet in 1788. It Futminating 

may be formed by dissolving very pure silver in nitric acid, ‘ 
and then precipitating it by lime water. The precipitate is 
put upon filtering paper, which absorbs the water ard the 
nitrate of lime with which it was mixed; then pure liquid 
ammonia is poured upon it, and allowed to remain for 12 
hours; it is then decanted off; and the black powder, on which 
it stood, is placed cautiously, and in very small portions, upon 
bits of filtering paper. This powder is fulminating silver. 
Even while moist it explodes with violence when struck by a 
hard body. When dry, the slightest touch is sufficient to 
cause it to fulminate. When the liquid decanted off this 
powder is heated in a glass retort, an effervescence takes 
place, azotic gas is emitted, and small crystals make their ap- 
pearance, which are opaque, and have a metallic brilliancy. 
These fulminate when touched, even though covered by the 
liquid, and often break in pieces the vessels in which they are 
kept.t ) 

The theory of this dangerous powder is the sariie as that of 
fulminating gold. It is a compound of ammonia and oxide 
_ of silver. Friction, or the application of heat, occasions the 
combination of the oxygen of the oxide with the hydrogen of 
the ammonia: water is formed, the silver is reduced, and 
azotic gas emitted. 

Fulminating platinum has been lately discovered by Mr. rutminating 
Edmund Davy. His process is as follows: Platinum is preci- °°" 
pitated from its solution in nitro-muriatic acid, by means of 


* Edmund Davy. + Bergman, li. 144, 
t Berthollet, Ann. de Chim. i, 54. 
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sulphuretted hydrogen. ‘The precipitate is digested in nitric 
acid till it is converted into sulphate of platinum. This sul- 
phate, being dissolved in water, is precipitated by ammonia, 
and the precipitate, being washed, is put into a Florence flask 
with potash ley, and boiled for some time. Being now sepa- 
rated by the filter, washed, and dried, it constitutes fulmina- 
ting platinum. It is a brown powder, specifically lighter than 
fulminating gold. It explodes violently when heated to 400°, 
but cannot be exploded by trituration or percussion. It is a 
non-conductor of electricity. It dissolves in sulphuric acid, 
and the solution is very deep-coloured. Nitric acid has but 
little action on it. Chlorine and muriatic acid gas decompose 
it. According to Mr. E. Davy, it is composed of 


Tritoxide of platinum .... 82°5 
AAU ONIEhacasiecat sare © See. 
DE cy te ele Set he grange 


Numbers which approach 2 atoms of tritoxide, 1 atom of am- 
monia and 2 water. 

Ammoniacal fulminating mercury was discovered by Four- 
croy. It may be formed by digesting a strong solution of 
ammonia in water upon the red oxide of mercury. After the 
process has continued for eight or ten days, the oxide assumes 
a white colour, and is at last covered with small crystalline 
scales. In this state it detonates loudly upon ignited coals in 
the same manner as fulminating gold. It loses its fulminating 
property, and undergoes spontaneous decomposition in a few 
days. When exposed to a low heat, the ammonia is driven 
off, and the red oxide assumes its former appearance.* 

Such is the explanation of these compounds, deduced from 
the phenomena which they have been observed to exhibit. 
But it is to be wished that some modern chemist would subject 
them to a more rigid examination. From the facts known 
respecting the chloride and iodide of azote, it would not be 
surprising if fulminating gold and silver were of a similar 
nature, consisting simply of these metals united to azote. It 
is probable that a class of bodies called azoturets may exist, 
and that they are of a fulminating nature, in consequence of 
the ease and rapidity with which the azote recovers its elastic 
form. 

V. As ammonia has the property of detonating with nitre, 
chemists had unanimously agreed that it contains phlogiston. 
Scheele first demonstrated, that when it is decomposed by 


* Journals of the Royal Institution, i. 256. 
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means of the oxide of manganese, arsenic, or gold, azotic Sopdisie 
ap. If. 


gas is set at liberty, while the oxide is reduced.* Hence he 
concluded, that it is composed of azote and phlogiston; and 
Bergman coincided with him in opinion. Dr. Priestley dis- 
covered, that when electric explosions are made to pass 
through this gas, its bulk is gradually augmented to thrice the 
space which it formerly occupied ; and a quantity of hydrogen 
gas is produced. ‘The same ingenious philosopher applied 
heat to the red oxides of mercury and lead confined in ammo- 
niacal gas. The oxides were reduced, water was evolved, the 
ammoniacal gas disappeared, and instead of it, there was found 
a quantity of azotic gas.t These experiments, and those of 
Scheele, led to the conclusion, that ammonia is composed of 
azote and hydrogen; a conclusion which was fully established 
by the experiments of Berthollet, published in the Memoirs 
of the French Academy for 1785. This acute philosopher 
repeated the experiments of Scheele and Priestley, and applied 
to them the theory of Mr. Lavoisier, and added also several 
very decisive ones of his own. 

A great many experiments have been made on the compo- 
sition of ammonia, chiefly in consequence of the opinion ad- 
vanced by Sir Humphrey Davy, that oxygen was one of its 
constituents—an opinion, however, that was not supported by 
the subsequent experiments of chemists, and which he accord- 
ingly abandoned. ‘The following table exhibits the results of 
the most accurate analyses of this substance hitherto made: 

V olumes, Volumes, 
Berthollet, senior { .,.. 72°5 hydrogen + 27°5 azote. 
Berthollet, junior§ .... 75°5 ....6066 + Q2H5 
BLD Wes ojos vos! sisi jee COP Grwagsiwls othe + 26°25 
He 240 Sieaatetns shun 114012 bane ts. 2B 
Gay Luseati piss nceiese's FS ds case) HBS 

Gay-Lussac’s proportions are rather the result of calcula- 
tion than of actual experiment. But the results of Berthol- 
let, junior, on the one hand, and those of Davy and Henry on 
the other, approach so closely to it, that we cannot hesitate to 
adopt his numbers as the true proportions. Ammonia then is 
composed of 3 volumes of hydrogen and 1 volume of azote; 
or, which comes in this case to the same thing, of 3 atoms 


* Scheele, i. 95 and 155, French Trans.—Scheele on Fire, p. 137. 


+ Priestley, ii. 396. t Mem. Paris, 1785. 
§ Mem. d’Arcueil, ii. 268. || Phil. Trans. 1809. 
** Phil. Trans. ++ Mem. d’Arcueil, 11. 253. 
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Book It. hydrogen and 1 atom azote. Hence its constituents by weight 


Division [. 
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And the weight of an atom of ammonia is 2°125. 
Supporedan WI. It must not be concealed, however, that there is a very 
i curious experiment, for which we are indebted to Berzelius 
and Pontin, from which Berzelius has drawn, as a conclusion, 
that ammonia consists of an unknown metallic basis, to which 
he has given the name of ammonium, united to oxygen. This 
experiment was repeated and verified by Sir H. Davy, and 
the subject was afterwards examined with much care by Gay- 
Lussac and Thenard. ‘The experiment is as follows: 
Mercury, at the negative end of a galvanic battery, i is placed 
in contact with a solution of ammonia, and the circuit cor- 
pleted. It gradually increases in volume, and, when expanded 
And its base to four or five times its former bulk, becomes a soft solid. The 
ametal. experiment is easier, and the amaleam more permanent, if sal 
ammoniac slightly moistened be substituted for liquid ammo- 
nia. Davy made a cavity in a piece of sal ammoniac slightly 
moistened, placed it on a plate of platinum attached to the 
positive end of the galvanic battery, put into the cavity about 
50 grains of mercury, and brought in contact with the mer- 
cury a platinum wire attached to the negative end of the bat- 
tery. A strong effervescence took place, much heat was 
evolved, and the globule in a few minutes had enlarged to five 
times its original bulk, and had the appearance of an amalgam 
of zinc. This amalgam, at the temperature of 70° or 80°, is 
a soft solid of the consistence of butter; at 32° it is a firm 
crystallized mass in which small facets appear, but having no 
perfectly defined form. Its specific gravity is below 3. When 
exposed to air it soon becomes covered with a white crust of 
carbonate of ammonia. When thrown into water, a quantity 
of hydrogen is evolved equal to half its bulk, the mercury is 
revived, and the water becomes a weak solution of ammonia. 
When confined in a given portion of air, the air increases 
considerably in volume, and pure mercury reappears. Am- 
moniacal gas amounting to 14 or 14, the volume of the 
amalgam is evolved, and a quantity of oxygen equal to 1th or 
4th of the ammonia disappears. When thrown into muriatic 
acid gas it becomes coated with muriate of ammonia, and a 
little hydrogen is disengaged. In sulphuric acid it becomes 
coated with sulphate of ammonia and sulphur, All attempts 
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made by Davy to preserve this amalgam failed, owing to the Subdivts. 1. 


impossibility of freeing it entirely of water. When put into 
a glass tube, or when confined under naphtha or oils, the mer- 
cury separated, ammonia was formed, aud a quantity of hy- 
drogen evolved.* 

The result of the experiments of Gay-Lussac and Thenard 
is, that this amalgam is a simple combination of mercury and 
ammonia. But we are not able to form such a combination 
by any other method than the one just described. Nor do we 
know any example of mercury being capable of amalgamating 
with any substance except a metal. When it unites with 
other bodies, as oxygen, sulphur, oils, &c. it always loses its 
metallic lustre. These reasons induce Berzelius to conclude 
that the amalgam is a compound of mercury and the metallic 
basis of ammonia. The reason why it cannot be preserved 
he conceives to be that the mercury contains a little moisture 
which speedily converts the ammonium to ammonia by sup- 
plying it with oxygen. 

I consider the strongest evidence to lie on the side of the 
opinion of Gay-Lussac and Thenard. But the subject re- 
quires farther investigation. If it be true that ammonia can 
amalgamate with mercury, we must alter the presently re- 
ceived notions respecting amalgams. 
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The substance called opiwm is a milky juice, obtained by opium. 


incisions from the unripe seed vessels of the papaver somnife- 
rum. It speedily becomes solid, and assumes the dark brown 
colour by which opium is characterized. In the east this sub- 
stance has been used from time immemorial as an intoxicating 
drug. In Europe it was first introduced as a medicine by 
Paracelsus, and it constitutes one of the precious articles in 
the materia medica. Many attempts were made by chemists 
and apothecaries to determine the constituents of this sub- 
stance. But the first steps of any importance were made by 
Derosne in 1803.f He obtained from it a transparent and 
colourless substance crystallized in four sided prisms with 
rhomboidal bases. It is destitute of taste and smell, insoluble 
in cold water, but soluble in hot water and in alcohol, and very 
readily soluble in all the acids. This substance was found to 
possess the intoxicating and poisonous qualities of opium, and 


* Davy’s Electro-chemical Researches on the Decomposition of the 
Earths, &c. Phil. Trans. 1808. 
+ Ann. de Chim, xlv. 287. 
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Book Il. was in consequence considered as the narcotic principle. De- 

Cube F yosne observed too, that when potash was poured into the in- 
fusion of opium a copious precipitate falls, and that this preci- 
pitate possesses the property of acting upon vegetable blues after 
the manner of an alkali, a property which he ascribed to the 
presence of a little potash, which, in his opinion, the preci- 
pitate still retained. 

Discovery. In the year 1817 M. Sertuerner, apothecary at Eimbeck, 
in Hanover, published the result of his experiments on opium, 
which had occupied his attention for several years.* When 
ammonia is poured into the infusion of opium a white preci- 
pitate falls, consisting chiefly of a substance to which Sertuer- 
ner gave the name of morphia,+ and which he found capable 
of neutralizing acids. He therefore gave it the name of an 
alkali. His experiments have been since repeated and con- 
firmed by Robiquet,t Choulont,§ Pelletier and Caventou,|| 
and by various other chemists both on the continent and in 
Great Britain. 

Flow ob- I. Three different processes have been given for procuring 

‘inc. morphia, the two first of which I have repeated with success. 

1. Sertuerner’s formula is as follows. Rub 8 ounces of pul- 
verized opium with two or three ounces of concentrated acetic 
acid and a little water to the consistence of a soft paste. Di- 
lute this paste with three or four pounds of water, and strain 
it through a cloth; the residue may be washed with a little 
water and strained a second time. The liquid thus obtained 
is but little coloured. When caustic ammonia is poured into 
it morphia is precipitated in abundance. If the liquid be 
evaporated to a fifth of its bulk an additional quantity of mor- 
phia will be obtained. But the morphia thus procured is still 
contaminated with extractive. ‘To purify it, Sertuerner di- 
gested it in a small quantity of cold alcohol, by which the 
greatest part of the extractive is dissolved. ‘The morphia thus 
purified is dissolved in boiling alcohol and obtained in the 
state of crystals as the liquid cools. 

2. Robiquet employed the following method to procure 
morphia. He boiled a concentrated aqueous solution of opium 
with a small quantity of magnesia (1 grain of magnesia to 49 

* Gilbert’s Annalen der Physick, lv. 56. 

+ Sertuerner in fact called it morphium, um being the termination adopted 
for the alkalies in German. The French have called it morphine. As the 


English termination for the alkalies is a, we must of course employ the 
word morphia, as I have done in the text. 


t Ann. de Chim. et de Phys. v. 275. § Gilbert’s Annalen, lvi. 342. 
|| Jour. de Pharmacie, v. 538. 
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grains of opium is sufficient) for a quarter of an hour. A subdivis. 1, 


copious grey precipitate fell. This precipitate was separated 
by the filter and washed, first in cold water and afterwards 
macerated for some time in weak alcohol, warm, but not boil- 
ing hot. By this means the greatest part of the colouring 
matter was separated. The matter thus purified was washed 
with cold alcohol. It was then dissolved by continued boiling 
in concentrated alcohol. ‘The boiling liquid was filtered, and 
on cooling it deposited morphia in crystals nearly free from 
colour. 

3. Choulant’s process is as follows. Four ounces of well 
dried and pounded opium were digested in repeated quantities 
of cold distilled water till the liquid amounted to the quantity 
of about 16 English pints. ‘This infusion was evaporated by 
a gentle heat on the sand bath in a glass vessel till it was re- 
duced to 8 ounces. ‘The whole was then poured into a por- 
celain evaporating dish. After standing at rest for eight hours 
in a temperature between 54° and 77°, six grains of small 
crystals were deposited, which possessed the characters of sul- 
phate of lime. The whole being evaporated to dryness was 
redissolved in distilled water, with the exception of a small 
quantity of brownish coloured resin. Oxalate of ammonia 
being dropped into the solution it became muddy, and a pre- 
cipitate fell, which weighed when dry 31 grains. After this 
precipitate was separated muriate of barytes was added as long 
as it occasioned a precipitate. This last precipitate being se- 
parated and dried weighed 2 grains. The solution was now 
diluted with 8 pints of distilled water and caustic ammonia 
poured into it as long as any precipitate continued to fall. The 
precipitate thus obtained was white and flocky. After stand- 
ing 2 hours it became granular and brown. It weighed 6 
drams. It dissolved completely in 8 ounces of distilled vine- 
gar, and was precipitated by caustic ammonia without any alte- 
ration in its colour or its weight. Upon this precipitate one 
ounce of sulphuric ether was poured. The mixture swelled 
up considerably. It was thrown upon a white paper fil- 
ter. In the course of half an hour a deep black liquid ran 
through, which weighed half an ounce, had a strong ammo- 
niacal smell, burned very readily, and left a bulky charcoal 
behind it. The matter remaining upon the filter had a 
frothy appearance; but when dry it was in the state of a very 
fine powder and had lost much of its dark colour. It now 
weighed 42 drams. This powder was digested three times in 
caustic ammonia, and as often in alcohol. Both of these li- 
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quids acquired a dark brown colour, and left the morphia in 
the state of a brownish white powder reduced to the weight of 
three drams. ‘This powder was dissolved in 12 ounces of 
boiling alcohol. ‘The filtered solution being set aside for 18 
hours deposited colourless, transparent crystals, which weighed 
75 grains, and consisted of morphia in a state of purity. By 
evaporating the alcohol an additional quantity of morphia was 
obtained, but it was not quite pure.* 

II. Morphia thus obtained is transparent and colourless, 
and crystallized in four sided pyramids with square or rectan- 
gular bases. Sometimes the crystals are octahedrons compo- 
sed of two of these pyramids applied base to base. Its taste 
is very bitter and astringent; and when swallowed it produces 
the same effects as opium itself; but it acts much more power- 
fully when in a state of solution ; and when in the solid state 
it scarcely produces any effect, owing to the little action of the 
juices of the stomach on it. ‘The vegetable acids, particularly 
vinegar, have the property of most powerfully counteracting 
its poisonous effects, no doubt by neutralizing it.+ 

Water, at the boiling temperature, dissolves the 82d part 
of its weight of morphia, and the solution on cooling depo- 
sits regular, colourless, transparent crystals. It is soluble in 
36 times its weight of boiling alcohol, and in 42 times its 
weight of cold alcohol. It is soluble in 8 times its weight of 
sulphuric ether. 

All these solutions redden turmeric paper, restore the blue 
colour of litmus paper reddened by vinegar, change the infu- 
sion of Brazil wood to violet, and the tincture of rhubarb to 
brown. When the solutions of morphia in alcohol and ether 
are rubbed upon the skin they leave a red mark. 

Morphia melts in a gentle heat, and in that state has very 
much the appearance of melted sulphur. On cooling it again 
crystallizes. It burns easily, and when heated in close vessels 
leaves a solid, resinous, black mass, having a peculiar smell. It 
combines with sulphur by the assistance of heat. But the 
combination is speedily destroyed and sulphuretted hydrogen 
evolved.§ 

It combines with the different acids, neutralizes them com- 
pletely, and forms salts which are mostly soluble in water and 
capable of crystallizing. Some attempts have been made to 


* Annals of Philosophy, xi. 153. 
+ Orfila, Ann. Chim, et de Phys. v. 288. t Choulant. 
§ Sertuerner, 
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determine the composition of these salts, but in all probability ok ‘g 
the results hitherto laid before the public are not entitled to C.~ 
much confidence. A single specimen will be sufficient to show 

the discordance between the analyses of different chemists. 

According to Robiquet, 38°61 grains of morphia just satu- Composi- 
rated 6°95 grains of sulphuric acid.* Now 6:95 grains oF cil. 
phuric acid, of the specific gravity 1°845, contain 5°67 grains 
of real acid. Hence, according to this experiment, sulphate 
of morphia is composed of 


Srpnuric AOI a. SOT senses 6 
Moa gp hla: d 4:00:44: i BSE naj ns is pS4ORT. 


According to Choulant the constituents of sulphate of mor- 
phia} are as follows: 


Sulphuric’ acid... < ee SR es 
PORUGIT ste ee es SO es ae ss . 9°09 
@ NVAGER Arye atresia 38 
100 


According to the experiments of Pelletier and Caventou, 
the constituents of this salt aret 
piplurie etd soe. ss PE EOST dee 5 
VEGI 22'.5.% ova ons BOLO ts oh mete Lie 


100°000 

Thus the equivalent number for morphia, according to 
Robiquet, is 34; according to Choulant, it is 9; and, accord- 
ing to Pelletier and Caventou, it is above 40. If we were to 
add the water given by Choulant in his analysis to the morphia, 
and consider it as a constituent part of it, then the equivalent 
number in his analysis for morphia would become 17°72. Now 
the mean of the analyses of Robiquet and Pelletier and Ca- 
ventou gives 37°08. But 17°728 x 2 = 35°456, which ap- 
proaches 37:08. Were we therefore to consider Choulant’s 
salt as a bisulphate of morphia, the equivalent number for 
morphia derived from these three analyses will be 36°538. 

To be able to form some estimate of the relative value of 
these analyses, I heated 1 grain of morphia in a copper tube 
with a sufficient quantity of peroxide of copper. I obtained 
3°58 cubic inches of carbonic acid gas, and a quantity of 
water indicating 2°62 cubic inches of hydrogen. Hence the 
carbon and the hydrogen present in 1 grain of morphia weigh 


* Ann. de Chim. et de Phys. v. 280. + Annals of Philosophy, xii. 154, 
} Jour. de Pharmacie, v. 536. 
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0°5083 grain. ‘The deficiency equal to 04917 grain I con- 


Ln sider as oxygen, and this weight of oxygen is equivalent to 


Diseovery. 


1°45 cubic inch of oxygen gas. Now the smallest number of 
atoms which will correspond with these proportions is as fol- 
lows : 
18 atemecbydrocen- ..6:, BOS :. ne. . 5°59 
24 atoms carbon...... = 18°00 ...... 44°72 
20 atoms oxygen ..... = 20°00 ...... 49°69 


40°25 100°00 


According to this analysis (which must be very near the truth) 
morphia is a compound of no fewer than 6% atoms, and the 
weight of an integrant particle of it is 40°25. This comes. 
very near the number resulting from the analysis of sulphate 
of morphia by Pelletier and Caventou. Hence I am led to 
consider their analysis as very near the truth. 


Til. STRYCHNIA. 


This new alkaline substance was discovered in the year 1818 
by MM. Pelletier and Caventou in the fruit of three differ- 
ent species of strychnos, namely strychnos nux vomica, strychnos 
tgnatia and strychnos columbrina. ‘The first of these fruits has 
been long known in this country under the name of nua vo- 
mica, the second has been distinguished by the name of St. 
Ignatius bean, but the third has been too little known in Great 
Britain to be distinguished by a particular name, the wood of 
the tree which bears it has been long known under the name 
of snake-wood. ‘hese trees are natives of India. ‘The nux 
vomica has been occasionally used in medicine as a remedy in 
mania, epilepsy, &c. and particularly in obstinate cases of in- 
termittent fever. But in Great Britain, at least, it is scarcely 
ever employed by modern physicians. 

Thegnux vomica is a round compressed seed, very hard and 
scarcely capable of being triturated to powder in a mortar. 
Strychnia was extracted from it by Pelletier and Caventou 
in the following manner. It was digested in alcohol and the 
alcoholic solution, which is deep coloured, was evaporated to 
dryness, and the dry residue dissolved in water. Into this 
aqueous solution Goulard’s extract (subtritacetate of lead) was 
dropped as long as a precipitate continued to fail. By this 
process the acid with which the strychnia is combined, the 
fatty matter, and the greatest part of the colouring matter in 
the liquid were precipitated while the strychnia remained in 
solution, combined with the acetic acid of the salt of lead em- 
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ployed. A current of sulphuretted hydrogen gas was now 
passed through the filtered liquid to throw down any excess 
of lead that might have been introduced. ‘To the filtered li- 
quid magnesia was added, and the mixture was boiled. ‘The 
strychnia was precipitated while the magnesia took its place, 
and united with the acetic acid. ‘The precipitate was washed 
in cold water, and then dissolved in alcohol to separate any 
excess of magnesia with which it might have been mixed. By 
evaporating the alcoholic solution the strychnia was obtained 
in a separate state. If by this process it is not brought to the 
requisite purity, it may be again redissolved in acetic or muri- 
atic acid precipitated by magnesia and redissolved in alcohol. 
By this method it may be at last brought to a state of com- 
plete purity. 

Strychnia* thus obtained is a white substance, either gra- 
nular, or in very small four sided prisms, terminated by low 
four sided pyramids. It has no smell; but its taste has an in- 
supportable bitterness, leaving a kind of metallic impression 
in the mouth. When exposed to the air it undergoes no 
change. It is neither fusible nor volatile at any temperature 
below that at which it undergoes decomposition, which seems 
to be about 600°, for when exposed to the temperature of 
boiling olive oil it is charred. When strongly heated it swells, 
blackens, gives out a little empyreumatic oil, some water, and 
acetic acid, inflammable gas, and carbonic acid gas, and a 
very bulky charcoal remains behind. When heated with 
peroxide of copper it is totally converted into carbonic acid 
and water. Hence it is composed of carbon, hydrogen, and 
oxygen in proportions not yet determined. 

It is very imperfectly soluble in water; that liquid, at the 
temperature of 50°, dissolving only ,1,-th of its weight of it, 
while 1 part of it dissolves in 2500 parts of boiling water. 
When the solution of it in cold water is mixed with 100 times 
its weight of that liquid, it still retains a very sensible bitter 
taste. In alcohol, on the contrary, it is exceedingly soluble. 

It restores the blue colour of litmus paper, reddened by an 
acid, does not redden turmeric paper; but combines with the 
different acids which it neutralizes completely, forming salts, 
most of which are capable of crystallizing. 

When concentrated nitric acid is poured upon strychnia, 
especially if heat be applied, the colour of the substance is 
changed into an intense blood red; and by a longer continued 


+ Pelletier and Caventou give to this substance the name of strychnine, 
which I have changed into strychnia for the reason assigned in page 38. 
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action of the acidjthe colour becomes yellow. It would ap- 
pear probable, from the experiments related by Pelletier and 
Caventou, that these changes of colour are owing to the com- 
bination of a portion of oxygen with the strychnia. When 
potash is added to the red liquid produced by the action of 
nitric acid on strychnia, an orange coloured precipitate falls, 
provided the liquid be somewhat concentrated. This preci- 
pitate is strychnia somewhat altered in its properties. It still 
acts as an alkali; but not so powerfully as the unaltered strych- 
nia. When the yellow coloured solution of strychnia in 
nitric acid is treated with magnesia, a precipitate is likewise 
obtained which acts as an alkali; but still more feebly than 
the orange coloured precipitate. 

Oxygen has no sensible action on strychnia, at least in the 
common temperature of the atmosphere. When a current of 
chlorine gas is passed through water mixed with strychnia, 
the alkaline. substance dissolves, and when the liquid is allowed 
to evaporate spontaneously, crystals of muriate of strychnia 
make their appearance. If the liquid be exposed to the action 
of heat, instead of being allowed to evaporate spontaneously, 
it assumes a brown colour. Probably both chlorate and mu- 
riate of strychnia have been formed, and the brown colour is 
owing to the decomposition of the former salt by the action of 
heat. 

When iodine and strychnia are boiled together in water, a 
colourless solution is obtained, which, when evaporated, yields 
colourless and transparent crystals of iodate of strychnia. 
The liquid contains in solution hydriodate of strychnia. To 
convert the whole of the iodine into iodic and hydriodic acids, 
we must employ a greater proportion of strychnia than can be 
dissolved, and separate it after the solution of the iodine by 
the filter. "When iodine and strychnia, mixed with a very 
small quantity of water, are made to act on each other, the 
strychnia becomes red just as when acted upon by nitric acid. 

Sulphur does not act upon strychnia when boiled with it in 
water. But if the two substances be heated together, without 
any water, till the sulphur melts, a great quantity of sulphu- 
retted hydrogen gas is disengaged. Carbon has no sensible 
action on strychnia. It is insoluble in the fixed oils and in 
ethers, but dissolves readily in the volatile oils. 

Strychnia acts with great violence upon living beings. About 
half a grain of it is sufficient to destroy the life of a rabbit. 
Convulsions are induced, and the animal dies in about five 
minutes in consequence of a violent attack of tetanus. The 
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same effects take place when the strychnia is introduced into subateis. 1. 


a wound. Morphia seems to diminish the violence of the 
action of this poison; but not to destroy its effects. ‘Thus 
it would appear that strychnia acts as a very powerful sti- 
mulant. The salts of strychnia act with more energy than 
the alkaline substance itself.* 
From the analysis of Pelletier and Caventou, it appears 
that the constituents of sulphate of strychnia are as follows :+ 
Salohuticacia We OF eM 5 
eenyoumia 2. 0 90. O28 oD S621 


100°0 

From this analysis we see that the equivalent number for 
strychnia is 47°621. 

IV. BRUCIA. 

This new alkaline substance was discovered by Pelletier and 
Caventou in 1819, in the bark of the Brucea Antidysenterica. 
This bark had been introduced into medicine as a substitute for 
angustura, and had been distinguished by the name of false 
angustura. ‘The Bruczea was named from Bruce, the Abyssi- 
nian traveller, who first brought the seeds of the tree from 
Abyssinia, and they afterwards vegetated in the botanical 
gardens of Europe. 

Brucia was obtained in a separate state by Pelletier and 
Caventou, by the following process. 

The bark was deprived in the first place of its fatty matter 
by means of sulphuric ether. It was then digested in alcohol, 
the alcoholic solution was evaporated to dryness, the dry re- 
sidue redissolved in water, and the aqueous solution treated 
with subtritacetate of lead to throw down the colouring mat- 
ter. The filtered liquor was exposed to a current of sulphu- 
retted hydrogen gas to throw down the excess of lead, and 
then filtered. The liquor thus purified was neither precipi- 
tated by ammonia, carbonate of potash, nor magnesia. But 
the addition of these substances developed alkaline charac- 
ters even when they were used only in such quantities as to 
saturate the acid that existed in the liquid. To obtain the 
brucia which constituted the alkaline portion of the liquid, it 
was saturated with oxalic acid, and the liquid was evaporated 
to dryness. Absolute alcohol at the temperature of 32° was 
digested upon it, which dissolved all the other substances 


* Pelletier and tee eae Jour. de Pharmacie, v. 173. 
t Ibid. p. 536 
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present except the oxalate of brucia, which remained behind 
in the state of a white salt. When this salt was treated with 
lime, it was decomposed ; boiling alcohol dissolved the brucia, 
and the liquid when evaporated deposited the alkali in the 
state of small crystals. 

Brucia thus obtained has the form of four-sided oblique 
prisms, with parallelograms for their bases. When obtained by 
decomposition from a saturated boiling alcoholic solution, it 
has the form of pearly scales, similar in appearance to boracic 
acid. These scales are very light, containing a great deal of 
water between them. Hence the bulk diminishes exceedingly 
when they are compressed. 

Its taste is very bitter with a certain degree of acridity, 
which remains long in the mouth. itis soluble in 500 times 
its weight of boiling water, and in 850 times its weight of 
cold water. ‘The colouring matter which exists in the bark 
adds greatly to its solubility. 

It is not altered by exposure to the air. When raised to a 
temperature somewhat higher than the boiling point of water, 
it melts and assumes on cooling the appearance of wax. 
Exposed to a strong heat it is decomposed, yielding a great 
deal of empyreumatic oil, a little water and acetic acid, car- 
buretted hydrogen gas, and a very small proportion of carbonic 
acid gas. When heated with peroxide of copper it is converted 
into carbonic acid and water. Hence its constituents are 
carbon, hydrogen, and oxygen in unknown proportiens. 

It neutralizes the acids and forms salts, the greater number © 
of which are soluble in water, and crystallize in a determinate 
form. 

When treated with concentrated nitric acid, it assumes a 
red and then a yellow colour in the same way as strychnia; 
but the shades of colour are different from those formed by 
that alkaline substance. ‘These changes are probably owing 
to the addition of oxygen, which induces changes upon brucia 
similar to those induced on strychnia. 

The remaining properties of brucia are nearly the same as 
those of strychnia. Like that substance it dissolves readily in 
alcohol and volatile oils; but is insoluble in ether and in 
fixed oils. 

From the experiments of Pelletier and Caventou, it appears 
that sulphate of brucia is composed as follows: 

Smpiuric acid... CoH 1.6... 5 
BYieia 2054 4 4k OIG 0.4. 6 eS 
100°00 
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From this analysis it would appear that its equivalent sobuivis. 1. 
number is 51°561. dongs 
Its action upon the animal ceconomy is precisely the same 
as that of strychnia. But it has only jth of the force of 
that alkaline poison. It occasions tetanus, acting upon the 
nerves without affecting the intellectual faculties.* 


Vv. PICROTORIA. 


This is the substance to which the cocculus indicus, the History. 
fruit of the menispermum cocculus owes its deletereous qualities. 
Its nature and properties were investigated by Boullay in 1811.+ 
He bestowed upon it the name of picrotoxin, from its bitter 
taste and its poisonous nature. 

This name, for the reasons formerly stated, I have changed 
into picrotoxia. 

Picrotoxia may be obtained by the following process: Boil row ob- 
the berries in a sufficient quantity of water. Filter the de-‘""* 
coction, and add to it acetate of lead as long as any precipitate 
falls. Filter the liquid a second time, and evaporate it with 
caution to the consistence of an extract. Dissolve this extract 
in alcohol of the specific gravity 0°817. Evaporate this 
liquid to dryness. ‘These alternate solutions and evaporations 
in water and alcohol must be repeated till the dry residue is 
completely soluble both in water and alcohol. It is now picro- 
toxia united with a yellow colouring matter. Agitate it with 
a small quantity of water. ‘Chat liquid dissolves the colouring 
matter, which is very soluble and occasions the separation of 
a great number of small crystals which constitute picrotoxia 
nearly pure. Wash them with a little water and then with 
alcohol. Picrotoxia thus prepared possesses the following 
properties. 

Its colour is white. Its crystals have the figure of four- properties. 
sided prisms. It is intensely bitter, and scarcely alters ve- 
getable blues. 

It is soluble in 25 times its weight of water and no reagent 
is capable of precipitating it: fda this solution. Alcohol of 
the specific gravity 0°810 dissolves one-third of its weight of 
it. Sulphuric ether of the specific gravity 0°7 dissolves two- 
fifths of its weight of it. It is insoluble in oils. 

It combines with the different acids and neutralizes them, 
forming salts, the nature and properties of which have been 
but imperfectly ascertained.§ 

* Pelletier and Caventou, Jour. de Pharmacie, v. 529. 


+ Ann. de Chim. lxxx. 209. } From zixpos, bitter, and ro&ixev, poison. 
§ Boullay, Jour, de Pharmacie, iv, 367. 
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Book it. A solution of potash or soda in ten times its weight of water 
Division TF. dissolves it. When triturated with potash it emits no smell 
of ammonia. It burns without melting. "When swallowed 
it intoxicates and acts as a poison. 
From the analysis of Boullay it appears that sulphate of 
picrotoxia is composed as follows: 


Bayivatont Sulphuric acid 4/450 720°99" soa». nabs 
number for. i . 
Picrotoxia ........-' 90°01 ........ 45 
100°00* 


From this it appears that the equivalent number for the picro- 
toxia Is 45, 


VI. DELPHIA. 


This alkaline substance was detected in July 1819 by MM. 
Lassaigne and Feneulle in the seeds of the delphinium staphy- 
sagria or stavesacre, a plant which grows wild in the southern 
provinces of France, and which in consequence of its acrid 
properties was formerly employed in medicine. ‘The process: 
by which delphia may be procured is the following. 

The seeds were cleaned and reduced to a pulp by tritura- 
tion in a mortar. ‘This pulp was boiled for some time in 
water till every thing soluble was dissolved. The liquid after 
being filtered off was mixed with some pure magnesia and 
boiled for some time. A sediment was deposited which was 
separated by the filter and digested in boiling alcohol. ‘The 
alcoholic solution being evaporated left the delphia in a state 
of tolerable purity. 

Delphia, thus obtained, is a white powder having a crystal- 
line texture while moist; but becoming opaque by exposure 
to the air. Its taste is very bitter and acrid; but it has no 
smell]. On exposure to heat it melts and assumes the appear- 
ance of liquid wax; but, on cooling it becomes hard and brit- 
tle, similar to resin. When the heat is raised the delphia 
blackens, swells up, and emits a white smoke with a peculiar 
odour, which takes fire in the air. There remains a light 
charcoal which burns without leaving any residue. 

Cold water has little action on delphia, yet it must dissolve 
a small portion of it as it acquires the acrid taste which dis- 
tinguishes this alkali. Alcohol and sulphuric ether dissolve 
it with facility. The alcoholic solution gives a green colour 
to syrup of violets and restores the blue colour of litmus paper 
reddened by vinegar. 

It unites with the different acids and neutralizes them, form- 


* Jour. de Pharmacie, v. 10. 
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ing salts which are very soluble in water, and which are dis- Serf 

tinguished by the acrid and bitter taste of delphia itself. cigs 
Besides these five alkaline bodies, it cannot be doubted that 

many others exist in the vegetable kingdom. Most of the 

bitter substances, and many of the vegetable poisons, are pro- 


bably alkaline bodies. 
SECT, IL. 
OF THE FIXED ALKALIES. 

Tue word ALKALt is of Arabian origin, and was introduced origia. 
into chemistry after it had been applied to a plant which still 
retains the name of kalz. When this plant is burnt, the ashes 
washed in water, and the water evaporated to dryness, a white 
substance remains, which was called alkali. According to 
Albertus Magnus, who uses the word, it signifies fx amari- 
tudinis, ** the dregs of bitterness.”* Alkali may be obtained 
from other substances besides kali. Chemists gradually dis- 
covered that bodies, differing from one another in several of 
their properties, had been confounded together under the same 
name. The word, in consequence, became general, and is now 
applied to all bodies which possess the following properties : 

1. A caustic taste. Properties. 

2. Volatilized by heat. 

3. Capable of combining with acids, and of destroying their 
acidity. 

4. Soluble in water even when combined with carbonie acid. 

5. Capable of converting vegetable blues to green. 

Ammonia, one of the alkalies described in the preceding sec- 
tion, because it is gaseous, is distinguished bythe name of volatile 
alkali. Porasn, sopa, and xitura, because they are capable 
of bearing a red heat, are called fixed alkalies. The pro- 


perties of these three substances constitute the subject of this 
section. 


I. POTASH. 


When potesh is obtained by the combustion of ferns or Black's dis- 
wood, as formerly described ;} it is combined with carbonic the conse of 
2 ‘ 3 - 4 causticity. 
Theatrum Chemicum. ii. 470. I am indebted to my friend, the Rev. 
Mr. Holme, of St. Peter’s College, Cambridge, for the following note, with 


which he was supplied by the Rev. Mr. Palmer, Professor of Arabic, at 
Cambridge, “ From the Arabic root els (Kala,) to dress any thing by 


fire is derived the substantive iH (Kilyon,) the ashes produced by burn- 
ing the salicornia, or any other plants of the same nature. See Golius’ Arabic 


Lexicon at root preceding. Hence Kali, and with the article Al- kali.” 
T See vol. i. ps 326. 
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acid. When treated with quicklime it is deprived of its car- 
bonic acid and obtained in a caustic state. It was long before 
chemists understood to what the changes produced upon it by 
lime were owing. According to some, it was deprived of a 
quantity of mucilage, in which it had formerly been enveloped ; 
while, according to others, it was rendered more active by 
being more comminuted. At last, in 1756, Dr. Black proved, 
by the most ingenious and satisfactory analysis, that the potash 
which the world had considered as a simple substance, was 
really a compound, consisting of potash and carbonic acid; 
that lime deprived it of this acid; and that it became more 
active by becoming more simple. 

While Dr. Black was thus occupied in Scotland, Mr. Meyer 
was employed in Germany in the same researches; from which, 
however, he drew very different conclusions. His Essays on 
lime appeared in 1764. Pouring into lime-water a solution 
of potash (carbonate of potash), he obtained a precipitate, which 
he found not to differ from lime-stone. The alkalihad, there- - 
fore, deprived the lime of its causticity and its active proper- 
ties; and these very properties it had itself acquired. From 
which he concluded, that the causticity of lime was owing to 
a particular acid with which it had combined during its cal- 
cination. ‘The alkali deprived the lime of this acid, and there- 
fore had a stronger affinity for it. To this acid he gave the 
name of acidum pingue or causticum. It was, according to him, 
a subtile elastic mixture, analogous to sulphur, approaching 
very nearly to the nature of fire, and actually composed of an 


acid principle and fire. It was expansible, compressible, vo- 


latile, astringent, capable of penetrating all vessels, and was 
the cause of causticity in lime, alkalies, and metals. ‘This 
theory was exceedingly ingenious, and it was supported by a 
vast number of new and important facts. But notwithstand- 
ing the reputation and acknowledged genius and merit of its 
author, it never gained many followers; because the true theory 
of causticity, which had been already published by Dr. Black, 
soon became known on the continent; and though it met with 
some opposition at first, soon carried conviction into every 
unprejudiced mind. Mr. Jacquin, botanical professor at 
Vienna, published a Latin dissertation in defence of Dr. 
Black’s doctrine in 1769. This work was opposed in 1770 
by Crans, physician to the king of Prussia, who endeavoured. 
to defend the hypothesis of Meyer, now dead, in a very ela- 
borate treatise. ‘The subject was resumed by M. Lavoisier 
in 1774 in his physical and chemical essays. He repeated the 
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experiments of Dr. Black and his disciples, and confirmed supaivis. 1. 
them in every particular. Since that time the hypothesis of es 
Meyer seems to have been abandoned by every one. 

1. Pure potash was first obtained by Sir H. Davy. It properties 
may be obtained by exposing peroxide of potassium to a heat ® RTT 
sufficiently strong to drive off the excess of oxygen. In that 
state it has a grey colour, and a vitreous fracture. It requires 
a strong heat to fuse it, and it dissolves in water without effer- 
vescence, but produces, by its solution, a great deal of heat. 

2. Potash, obtained by means of alcohol, is a combination nyarate. 
of potash and water, or a hydrate of potash. If we suppose 
it a compound of 1 atom potash and 1 atom water, its con- 
stituents will be by weight 

Potash: ..ci9! sp 20 16 vvxooe 100 
WY BtSE ae e000 LPZS. osajna) a OPES 

Now Davy found that hydrate of potash, when heated with 
boracic acid, gave out between 17 and 18 per cent. of water. 
According to which experiment hydrate of potash is a com- 
pound of 100 potash + 21°21 water. ‘This tallies with theory 
sufficiently well. For it is obvious that potash, prepared by 
alcohol, will often (always probably) be allowed to retain rather 
more water than is actually in chemical combination with the 
alkali. Its specific gravity is 1°7085.* 

8. The hydrate of potash has a very strong affinity for Solution in 
water. At the common temperature of the air, one part of aaa 
water dissolves two parts of potash. ‘The solution is trans- 
parent, very dense, and almost of the consistence of oil. It 
is in this state that potash is usually employed by chemists. 
When four parts of potash in powder and one of snow are 
mixed together, the mixture becomes liquid, and at the same 
time affords a quantity of caloric. This mixture was em- 
ployed by Lowitz to produce artificial cold. When the aqueous 
solution of potash is evaporated to a proper consistency, the 
potash crystallizes. ‘The shape of its crystals is very different, 
according to the way in which they have been produced. 
When allowed to form spontaneously, they are octahedrons 
in groupes, and contain 0°43 of water:+ When formed by 
evaporation on the fire, they assume the figure of very thin 
transparent blades of extraordinary magnitude, which, by an 
assemblage of lines crossing each other in prodigious num- 

* Wassenfratz, Ann. de Chim. 28°11. 

t According to Proust, the hydrate of potash contains only 0°30 of water. 

Jour. de Phys, lix. 266. 
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bers, present an aggregate of cells or cavities, commonly so 


Division I. very close, that the vessel may be inverted without losing one 


eed 


Action of 


drop of the liquid which it contains.* 
II. The supporters of combustion have no action on potash 


supporters at the common temperature of the atmosphere; but they act 


on potash. 


Action of 
combusti- 
bles. 


Sulphuret 
of potash, 


upon it in certain circumstances. 

1. An additional dose of oxygen may be made to combine 
with potash, provided it contain no water; but the hydrate is 
incapable of forming this compound. The peroxide of pot- 
ash may be obtained by burning potassium in oxygen gas. 
It is decomposed, and the oxygen driven off by dissolving it 
in water. 


2. When potash is heated to redness and placed in contact 
with chlorine gas, the oxygen of the alkali is expelled and the 
chlorine takes its place. 

3. The same substitution of iodine for oxygen takes place 
when the vapour of iodine is passed over hot potash. 

III. ‘The simple combustibles produce very different effects 
on potash according to their peculiar nature. 

1. Hydrogen gas has no sensible effect on it whatever. 
Neither does it combine, so far as is known, with carbon, 
boron, or silicon. 

2. It would appear from the experiments of Sementini that 
phosphorus is capable of combining with potash and forming 
a phosphuret of potash. His method was to form a saturated 
solution of potash in alcohol, and to keep sticks of phosphorus 
in this liquid as long as they continued to dissolve. Brown 
shining scales were deposited which constituted the phosphuret 
of potash. According to Sementini they are soluble in water.+ 

3. When three parts of sulphur and one of potash are tri- 
turated together in a glass mortar, the sulphur acquires a 
green colour, the mixture becomes hot, and exhales an alliace- 
ous odour. It gradually attracts moisture from the air, and is 
totally soluble in water.[ When two parts of potash and one 
of sulphur are heated in a crucible, they melt and combine, 
and form a sulphuret of potash. The potash of commerce 
may be also employed; for the carbonic acid separates in the 
form of a gas during the combination of the potash and sul- 
phur. When the fusion is complete, the sulphuret is to be 
poured upon a marble slab; and as soon as it congeals, it must 
be broken in pieces, and set by in a well-corked phial. 

* Nicholson’s Journal, i. 164. 

+ Annals of Philosophy, vii. 280. t Fourcroy, it. 208. 
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Sulphuret of potash, thus prepared, is of a brown colour, Subaivis. 1. 


not unlike the liver of animals. Hence it was formerly called 
hepar sulphuris, * liver of sulphur ;” but when exposed to the 
air, it soon becomes green, and even white. It is hard, brittle, 
and has a glassy fracture. Its taste is acrid, caustic, and bit- 
ter, and it leaves a brown stain upon the skin. It has no 
other smell than that of sublimed sulphur. When exposed 
to a violent heat, the sulphur sublimes, and the petash remains 
in a state of purity. ‘This sulphuret converts vegetable blues 
to green, and soon destroys them. When heated with char- 
coal, it dissolves and combines with it.* 

-When su!phuret of potash is exposed to the air, or when 
it is moistened with water, its properties very soon change. 
It acquires a green colour, and exhales the odour of sulphu- 
retted hydrogen gas. ‘This change is owing to the formation 
of a quantity of sulphuretted hydrogen, in consequence of 


Chap, II. 


the decomposition of the water. This new-formed substance yyaroen. 
combines with the sulphuret, and converts it into hydroguret- ‘e¢ su’ 


ted sulphuret of potash, which is soluble in water, and has a 
brownish-green colour. It may be formed also by boiling in 
water two parts of potash and one part of sulphur. Sulphuret 
of potash produces no change upon air, but hydroguretted 
sulphuret gradually absorbs oxygen. When inclosed in a 
vessel with a quantity of air, it soon absorbs all the oxygen of 
that portion, and leaves nothing but azotic gas. ‘This fact, 
which was first observed by Scheele, induced him to use 
hydroguretted sulphuret to measure the quantity of oxygen 
contained in any given portion of atmospheric air. Hydro- 
guretted sulphuret is capable of oxidizing and dissolving al- 
most all the metals. We are indebted to Mr. Berthollet for 
the first accurate account of the difference between these two 
substances. + — 

Sulphuret of potash has not hitherto been analyzed. It 
ought from theory to be a compound of 3 parts by weight of 
potash and 1 part of sulphur; or of an atom of potash and an 
atom of sulphur. 


phuret, 


4, Potash does not combine with any of the metals; but Actionon 


some of the metals which have a strong affinity for oxygen, 
when put into a solution of potash in water, especially if heat 
be applied, are gradually oxidized. This is the case with 
molybdenum, zinc, and iron. ‘Tin also is oxidized in a very 


* Fourcroy, 11. 203. 
+ Ann, de Chim, xxv. 233. See also Proust, Jour. de Phys. lix. 265, 
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small proportion; and this seems also to be the case with 
manganese. 

It is capable of dissolving a considerable number of the 
metallic oxides; and in some cases it deprives them of a dose 
of their oxygen. ‘Thus when poured upon the red oxide of 
iron, it soon converts it into the black. ‘The cause of this 
change is unknown. It has been ascertained, that the oxides 
of the following metals are soluble in potash : 


Lead,* Zinc, 

Tin, Antimony, 
Nickel, Tellurium, 
Arsenic, Tungsten, 
Cobalt, Molybdenum. 
Manganese, 


But the nature of these solutions has not hitherto been exa~ 
mined with any degree of attention; though the subject is 
remarkably curious, and promises to throw light both upon 
the nature of alkalies and metals. 


II. SODA. 


Soda procured by the process formerly described+ is in the 
state of a hydrate. Pure soda was first obtained by Sir H. 
Davy by burning sodium, by means of a strong heat in a quan- 
tity of air just sufficient to convert it into soda. 

Pure soda has a grey colour, is a non-conductor of electri- 
city, has a vitreous fracture, and requires a strong red heat to 
melt it. When a little water is added the soda combines with 
it rapidly, evolving considerable heat ; it becomes at the same 
time white, ecytallieed in its texture, and much more fusible 
than formerly. In this state it is a hydrate of soda, which, 
when pure, is a compound of 1 atom soda and 1 atom water, 
or is composed by weight of 

Soda .... 4 bas og one ahs & Oe! 
Water 0, 1125 5 ade ee oins eet 


D’ Arcet’s analysis gives us the hydrate of soda composed of 
100 soda + 38°8 water, while that of Berard gives its com- 
position 100 soda + 23'2 water. Now the mean of these 
two gives 100 soda + 31 water, which differs as little as can 
well be expected from the theoretic number, when we consider 


* Bergman, ili. 456. Proust, Jour. de Phys. lvi. 207. 
T Voli. p. 836. { Ann, de Chim, lxviii, 175, and lxxi, 20, 
§ Ann, de Chim. Ixxii.96, 0 . 
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the strong tendency that soda has to unite with more water. subdivis, 1 


It dissolves very readily in water and may be obtained in 
crystals by evaporating the aqueous solution. Its specific 
gravity is 1:336.* 

IV. The action of the supporters of combustion, and of 
the simple combustibles on soda, is so nearly the same as on 
potash, that a particular description of the phenomena does 
not seem necessary. 


Chap. it 


V. It is easy to distinguish potash from soda by the follow- tow aistin- 


ing properties. 1. When potash is exposed to the air it 


guished 
from pote 


speedily absorbs moisture and remains in the state of an oily 


looking liquid; but soda, though at first it becomes doughy, 
soon dries again and remains in the state of a white drv 
powder. 2. When potash is neutralized with sulphuric acid 
it forms a salt, which crystallizes in small irregular crystals 
which have more or less the shape of six-sided prisms ter- 
minated by six-sided pyramids, and requiring 16 times its 
weight of water to dissolve it. But soda neutralized by the 
same acid forms a salt, which dissolves in less than its weight 
of boiling water, and crystallizes on cooling in large trans- 
parent, channelled, six-sided prisms, which, when exposed 
to the air, speedily fall down in the state of a white powder. 
3. When sulphate of potash is dissolved in water, if a little 
tartaric acid be dropt into the solution, a number of minute 
crystals are deposited. A yellow precipitate appears when 
nitro-muriate of platinum is dropped into the same solution. 
But sulphate of soda is neither precipitated by tartaric acid, 
nor nitro-muriate of platinum. | | 


III. LITHIA. 


This alkali has been recently discovered in the mineral 
called petalite, by Mr. Arvedson, Its properties, as far as 
they have been determined, have been already described in 
vol. i. p.343 of this work. 

It has the same caustic taste, and the same action on vege- 
table blues as potash or soda. But it differs from these al- 
kalies in various particulars. A concentrated solution of it in 
water is precipitated white by an alkaline carbonate. It is 
not precipitated from water or any saline solution by tartaric 
acid, or muriate of platinum. It does not deliquesce when 
exposed to the air; but absorbs carbonic acid. It is not so 


* Tlassenfratz, Ann, de Chim, xxvil. 11, 
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easily volatilized as potash and soda, being capable of bearing 


; , a white heat for a considerable time without any sensible dimi- 


nution of its weight. Alcohol has the property of precipitating 
it from water in the course of a few hours, in the state of a fine 
powder. The nitrate and muriate of lithia are exceedingly 
deliquescent salts. ; 

The weights of an integrant particle of each of these three 
alkalies are to each other, as the following numbers : 


POOLS. (uses AGtn dae Merekess oO 
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SECT. III. 


OF THE ALKALINE EARTHS. 


‘THE word earth, in common language, has two meanings ; 
it sometimes signifies the globe, which we inhabit, and some- 
times the mowld on which vegetables grow. Chemists have 
examined this mould, and have found that it consists of a va- 
riety of substances mixed together without order or regularity. 
The greatest part of it, however, as well as of the stones which 
form apparently so large a proportion of the globe, consists of 
a small number of bodies, which have a variety of common 
properties. ‘These bodies chemists formerly classed together, 
and denominated earths, ‘Though we now know that all these 
substances are in reality metallic oxides, yet the term earth 
having been long generally used both by chemists and mine- 
ralogists, could not easily be eradicated. I have thought it 
better to retain it, though it is obvious that no definition could 
be given of them which would not apply equally well to other 
metallic oxides. 

The earths have been divided into two classes, namely, alka- 
line earths and earths proper. The first have the property of 
giving a green colour to vegetable blues, and of neutralizing 
acids; the second do not alter vegetable blues, and are inca- 
pable of neutralizing acids. 

The alkaline earths are four in number ; namely, 


Lime, 
Barytes, 
Strontian, 
Magnesia, 
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We shall describe each of them in the order in which they ithe 
ap 


have been named. lesen? 
I. LIME. 


When lime is obtained by the process formerly described * 
it is a white powder, having a caustic taste, and capable of con- 
verting vegetable blues into green, and finally into yellow, 
when it acts upon them in solution in water. 

2. It cannot be fused by the most viclent heat of our fur- Fusion or 
naces. But Dr. Clarke has succeeded in fusing it by means ""* 
of a blow pipe, consisting of a jet of two volumes hydrogen, 
and one volume oxygen gases, issuing with violence from the 
point of a capillary tube. It is converted into a brilliant lim- 
pid glass, and during the fusion a beautiful lambent flame of 
an amethystine hue makes its appearance. 

3. If water be poured on newly burnt lime, it swells and Stacking of 
falls to pieces, and is soon reduced to a very fine powder. In" 
the mean time, so much heat is produced, that part of the 
water flies off in vapour. If the quantity of lime slacked (as 
this process is termed) be great, the heat produced is sufficient 
to set fire to combustibles. In this manner, vessels loaded 
with lime have sometimes been burnt. When great quantities 
of lime are slacked in a dark place, not only heat but light 
also is emitted, as Mr. Pelletier has observed.{ When slacked 
lime is weighed, it is found to be heavier than it was before. 
This additional weight is owing to the combination of part of 
the water with the lime; which water may be separated again 
by the application of a red heat; and by this process the lime 
becomes just what it was before being slacked.§ Hence the 
reason of the heat evolved during the slacking of lime. Part 
of the water combines with the lime, and thus becomes solid ; 
of course it parts with its caloric of fluidity, and probably also 
with a considerable quantity of caloric which exists in water 
even when in the state of ice: for when two parts of lime and 
one part of ice (each at $2°) are mixed, they combine rapidly, 
and their temperature is elevated to 212°. ‘The elevation of tg 
temperature during the slacking of barytes and strontian is “"” 
owing to the same cause. 

Slacked lime or hydrate of lime is no doubt a compound of 
1 atom lime + 1 atom water, or it is composed by weight of 


* See vol. 1. p: 347. + Journal of the Royal Institution, 1. 113. 
t Jour. de Phys. 1. 22. § Dr, Black, 
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Now Mr. Dalton* found slacked lime well dried in a mo- 
derate heat composed of 


Lime eeeeeeevrese ee 100 
IW ateris «cinerea: 33°53 


The result of Lavoisier’s experiments} gave 
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Now the mean of these two experiments give us the compo- 
sition of hydrate of lime as follows: 


Lime @eeoeee66@ 200808 6 @ 100 
Wl. occitcice stan CLUS 


which is exactly the theoretical result. 

Gay-Lussac has lately hit upon a very ingenious method of 
crystallizing lime. He dissolves it in water, and places the 
lime water formed in an open vessel under the exhausted re- 
ceiver of an air pump, along with a quantity of concentrated 
sulphuric acid in another open vessel.. When the acid has be- 
come too weak in consequence of the evaporation of the lime 
water it is withdrawn, and new concentrated acid substituted 
in its place. By degrees the lime is deposited in small crys- 
tals, which exhibit the form of fragments of six-sided prisms. t 

Solubility in By my trials 758 grains of cold water dissolve 1 grain of 

wae’ lime. According to Mr. Dalton who has examined this sub- 
ject with attention, cold water dissolves more lime than hot 
water. The following table shows the solubility of lime and 
its hydrate in water of different temperatures, according to his 
experiments.§ ‘ 


1 Part of Takes up Takes up of 
water at of lime dry hydrate 
fe) 
60 eevoeeveeevve Tae @eeceoeeseeee sty 
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Lime water, as this solution is called, is limpid, has an acrid 
taste, and changes vegetable blue colours to green. It is usually 


* New System of Chemical Philosophy, i. 87. 

¢ Lavoisier’s Essays, translated by Henry, p. 280. 
t Ann. de Chim. et Phys. 1. 334. 

§ New System of Chemical Philosophy, ii. 510. 
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formed by throwing a quantity of lime in powder into pure Sebdivi«. 1. 


water, allowing it to remain for some time in a close vessel, 
and then decanting the transparent solution from the undis- 
solved lime. When lime-water is exposed to the air, a stony 
crust soon forms on its surface composed of carbonate of lime ; 
when this crust is broken it falls to the bottom, and another 
succeeds it; and in this manner the whole of the lime is soon 
precipitated, by absorbing carbonic acid from the air. 

The smell perceived during the slacking of lime is owing to 
a part of that earth being elevated along with the vapour of the 
water; as evidently appears from this circumstance, that vege- 
table blues exposed to this vapour are converted into green. 


Chap. He 


Limestone and chalk, though they are capable of being con- Difference 


between 


verted into lime by lurning, possess hardly any of the proper- jinestone 
ties of that active substance. ‘They are tasteless, scarcely so- and time 


luble in water, and do not perceptibly act on animal bodies. 
Now, to what are the new properties of lime owing? What 
alteration does it undergo in the fire? 

It had been long known, that limestone loses a good deal of 
weight by being burned or calcined. It was natural to suppose, 
therefore, that something is separated from it during calcina- 
tion. Accordingly, Van Helmont, Ludovicus, and Macquer, 
made experiments in succession, in order to discover what that 
something is; and they concluded from them that it is pure 
water, which the lime recovers again when exposed to the at- 
mosphere. As the new properties of lime could hardly be as- 
cribed to this loss, but to some other cause, Stahl’s opinion, 
like all the other chemical theories of that wonderful man, 
was generally acceded to. He supposed that the new proper- 
ties which lime acquired by calcination are owing entirely to 
the more minute division of its particles by the action of the 
fire. Boyle indeed had endeavoured to prove that these pro- 
perties are owing to the fixation of fire in the lime; a theory 
which was embraced by Newton and illustrated by Hales, and 
which Meyer new modelled, and explained with so much inge- 
nuity and acuteness as to draw the attention of the most dis- 
tinguished chemists. But while Meyer was thus employed in 
Germany, Dr. Black of Edinburgh published, in 1756, those 
celebrated experiments which form so brilliant an era in the 
history of chemistry. 


He first ascertained, that the quantity of water separated Discovered 


from limestone during its calcination is not nearly equal to the 


by Dr. 
Black. 


weight which it lost. He concluded in consequence, that it — 


60 


Book If. 
Division I. 


SALIFIABLE BASES. 


must have lost something else than mere water. What this 


Ree ome! could be, he was at first at a loss to conceive; but recollecting 


Action of 
supporters. 


Phosphuret. 


that Dr. Hales had proved that limestone, during its solution 
in acids, emits a great quantity of air, he conjectured that this 
might probably be what is lost during calcination. He cal- 
cined it accordingly, and applied a pneumatic apparatus to re- 
ceive the product. He found his conjecture verified; and that 
the aiy and the water which separated from the lime were to- 
gether precisely equal to the loss of weight which it had sus- 
tained. Lime therefore owes its new properties to the loss of 
air ; and limestone differs from lime merely in being combined 
with a certain quantity of air: for he found that, by restoring 
again the same quantity of air to lime, it was converted into 
lime-stone. This air, because it existed in lime in a fixed state, 
he called fixed air, It was afterwards examined by Dr. Priest- 
ley and other philosophers; found to possess peculiar proper- 
ties, and to be that species of gas now known by the name of 
carbonic acid gas. Lime then is the simple substance, and lime- 
stone is composed of carbonic acid and lime. Heat separates 
the carbonic acid, and leaves the lime in a state of purity. 

4. When lime is exposed to the open air, it gradually attracts 
moisture, and falls to powder; after which it sobn becomes sa- 
turated with carbonic acid, and is again converted into carbo- 
nate of lime or unburnt limestone. 

II. Of the supporters of combustion, the only one which 
decomposes lime is chlorine. When this gas is passed over 
red-hot lime the oxygen is disengaged, and the chlorine com- 
bines with the calcium. According to the experiments of Gay- 
Lussac, iodine combines with lime without decomposing it, and 
forms an iodide of lime. 

III. The action of the simple combustibles on lime has been 
but imperfectly examined. 

1. Hydrogen, carbon, boron, and silicon, so far as is known, 
have no action on lime. 

2. Phosphuret of lime may be formed by the following pro- 
cess: Put into the bottom of a glass tube, close at one end, 1 
part of phosphorus; and, holding the tube horizontally, intro- 
duce 5 parts of lime in small lumps, so that they shall be about 
two inches above the phosphorus. Then place the tube hori- 
zontally among burning coals, so that the part of it which con- 
tains the lime may be made red-hot, while the bottom of the 
tube containing the phosphorus remains cold. When the lime 
becomes red-hot, raise the tube, and draw it along the coals 
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till that part of it which contains the phosphorus is exposed to Subiivis. 1. 


ared heat. The phosphorus is immediately volatilized, and 
passing through the hot lime combines with it. During the 
combination the mass becomes of a glowing red heat, and a 
quantity of phosphuretted hydrogen gas is emitted, which 
takes fire when it comes into the air. ‘This curious process 
was contrived by Mr. Tennant, to whom we are indebted for 
the discovery of the earthy phosphurets. 

Phosphuret of lime has a deep brown colour, and is moulded 
into the shape of the tube. It falls to pieces in the air. It is 
insoluble in water; but it has the property of decomposing 
that liquid. Phosphuretted hydrogen gas is emitted, which 
takes fire as soon as it comes to the surface of the water. 

No analysis of phosphuret of lime has been hitherto at- 
tempted. But there can be little doubt that it is a compound 
of 1 atom lime and 1 atom phosphorus, or that it consists by 
weight of 


Phosphorus .... 1°35 ...... :41°38 


Chap. Jf. 


ee 


3. Sulphuret of lime may be koteba by mixing its two com- Sulphuret. 


ponent parts, reduced to a powder, and heating ihoor in a cru- 
cible. ‘They undergo a commencement of fusion, and form 
an acrid reddish mass. When it is exposed to the air, or 
moistened with water, its colour becomes greenish-yellow, 
sulphuretted hydrogen is formed, and the sulphuret is con- 
verted into a hydroguretted sulphuret, which exhales a very 
fetid odour of sulphuretted hydrogen gas. This hydroguretted 
sulphuret may be formed also by Bailie a mixture of lime and 
sulphur in about ten times its weight ar water, or by sprink- 
ling quicklime with sulphur, and then moistening it: the heat 
Bbcabintied by the slacking of the lime is sufficient to form the 
combination. When this hydroguretted sulphuret is exposed 
to the air, itimbibes oxygen; which combines at first with the 
hydrogen, and afterwards with the sulphur, and converts the 
compound into hyposu!phite of lime. When the solution of 
hydroguretted sulphuret of lime is kept in a close vessel, the 
sulphur gradually precipitates, and hydro-sulphuret of lime 
remains in solution. 

The hydroguretted sulphuret of lime has the property of 
dissolving charcoal by the assistance of heat, and of retaining 
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Book tt, it in solution.* It acts very powerfully upon metals and me- 
Uvsion ls tallic oxides. 
The sulphuret of lime has not hitherto been analysed, but 


there can be little doubt that it is a compound of 1 atom lime + 
1 atom sulphur, or by weight of 
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Actin of 4, Lime facilitates the oxidizement of several of the metals, 
me and it combines with several of the metallic oxides, and forms 
salts which have not hitherto been examined, if we except the 
compounds which it forms with the oxides of mercury and 
lead, which have been described by Berthollet. 
And their The red oxide of mercury, boiled with lime-water, is partly 
oxides, : : : : 
dissolved, and the solution yields by evaporation small trans- 
parent yellow crystals.t ‘This compound has been called by 
some mercuriate of lime. 

Lime water also dissolves the red oxide of lead, and (still 
better) litharge. This solution, evaporated in a retort, gives 
very small transparent crystals, forming prismatic colours, and 
not more soluble in water than lime. It is decomposed by all 
the alkaline sulphates, and by sulphuretted hydrogen gas. 
The sulphuric and muriatic acids precipitate the lead. ‘This 
compound blackens wool, the nails, the hair, white of eggs; 
but it does not affect the colour of silk, the skin, the yolk of 
an egg, nor animal oil. It is the lead which is precipitated on 
these coloured substances in the state of oxide; for all acids 
can dissolve it. ‘The simple mixture of lime and oxide of lead 
blackens these substances, a proof that the salt is easily formed. { 

Mortar. IV. One of the most important uses of lime is the formation 
of mortar as a cement in building. Mortar is composed of 
quicklime and sand reduced to a paste with water. When dry 
it becomes as hard as stone, and as durable; and adhering 
very strongly to the surfaces of the stones which it is employed 
to cement, the whole wall becomes in fact nothing else than 
one single stone. But this effect is produced very imperfectly 
unless the mortar be very well prepared. 

The lime ought to be pure, completely free from carbonic 
acid, and in the state of avery fine powder: the sand should 
be free from clay, and partly in the state of fine sand, partly in 
that of gravel: the water should be pure; and if previously 


* Fourcroy, 11. 174. t Berthollet, Ann. de Chim. i. 61. tTbid. 52. 
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saturated with lime, so much the better. The best propor- 8! 
_tions, according to the experiments of Dr. Higgins, are 3 parts 
of fine sand, 4 parts of coarser sand, 1 part of quicklime re- 
cently slacked, and as little water as possible. 

The stony consistence which mortar acquires is owing, partly 
to the absorption of carbonic acid, but principally to the com- 
bination of part of the water with the lime. ‘This last circum- 
stance is the reason, that if to common mortar one fourth part 
of lime, reduced to powder without being slacked, be added, 
the mortar when dry acquires much greater solidity than it 
otherwise would do. This was first proposed by Loriot;* and 
a number of experiments were afterwards made by Morveau.+ 
The proportions which this philosopher found to answer best 
are the following : , 
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1:0 
The same advantages may be attained by using as little water 
as possible in slacking the lime. ‘This was first pointed out by 
La Faye. 

Higgins found that the addition of burnt bones improved 
mortar by giving it tenacity, and rendering it less apt to crack 
in drying; but they ought never to exceed one fourth of the 
lime employed. 

When a little clay i is added to mortar, it acquires the im- 
portant property of hardening under water; so that it may be 
employed in constructing tere edifices which are constantly 
exposed to the action of water. Limestone is found not un- 
frequently mixed with clay: and in that case it becomes brown 
by calcination, instead of white. These native limestones are 
employed for making water mortar ; but good water mortar 
may be made by the following process, first proposed by Mor- 
veau: Mix together 4 parts af blue clay, 6 parts of black oxide 
of manganese, and 90 parts of limestone, all in powder. Cal- 
cine this mixture to expel the carbonic acid, mix it with 60 
parts of sand, and form it into mortar with a sufficient quan- 
tity of water.§ 


* Jour. de Phys. i. 234. + Thid. vi: 311. 
+ Ibid. ix. 437. § Ann, de Chim. xxxvil. 259. 
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The best mortar for resisting water is made by mixing with 


vig lime puzzolano, a volcanic sand brought from Italy. Morveau 


Action of 
water. 


informs us that dasaltes, which is very common in this coun- 
try, may be substituted for puzzolano. It must be heated in 
a furnace, thrown while red-hot into water, and then passed 
through a sieve to reduce it to the proper size.* 


II. BARYTES. 


Barytes when prepared according to the process described 
in a preceding part of this work,+ is a greyish porous body 
which may be easily reduced to powder. Its taste is more acrid 
than that of lime. It is poisonous, converts vegetable blues to 
ereen, and is more soluble in water than lime. 

When exposed to the air, it immediately attracts moisture ; 
in consequence of which it swells, heat is evolved, and the ba- 
rytes falls to a white powder, just as happens to quicklime when 
water is sprinkled on it.{ After the barytes is thus slacked, it 
gradually attracts carbonic acid, and loses its acrid properties, 
its weight being increased 0°22.§ It cannot therefore be kept 
pure except in close vessels. 

2. When a little water is poured upon barytes, it is slacked 
like quicklime, but more rapidly, and with the evolution of 
more heat. The mass becomes white, and swells considerably. 
If the quantity of water be sufficient to dilute it completely, 
the barytes crystallizes in cooling, and assumes the appearance 
of a stone composed of needle-form crystals; but when ex- 
posed to the air, it gradually attracts carbonic acid, and falls 
to powder. || ; 

Water is capable of dissolving 0°05 parts of its weight of ba- 
rytes. This solution, which is known by the name of barytes 
water, is limpid and colourless, has an acrid taste, and converts 
vegetable blues first to a green and then destroys them. When 
exposed to the air, its surface is soon covered with a stony crust, 
consisting of the barytes combined with carbonic acid. 

Boiling water dissolves more than half its weight of barytes. 
As the solution cools, the barytes is deposited in crystals; the 
shape of which varies according to the rapidity with which — 
they have been formed. When most regular, they are flat 
hexagonal prisms, having two broad sides, with two intervening 


~ * Ann. de Chim. xxxvii. 262. + Voli. p. 352. 
+ Fourcroy and Vauquelin, Ann, de Chim. ii. 59. 
§ Mem. de I’Instit. 11. 59. || Fourcroy, i. 193. 
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narrow ones, and terminated at each end by a four-sided pyra- 
mid, which in some instances constitutes the larger part of the 
crystal. When formed slowly, they are distinct and large; 
but when the water is saturated with barytes, they are depo- 
sited rapidly, and are generally more slender and delicate. 
Then, too, they are attached to one another in such a manner 
as to assume a beautiful foliaceous appearance, not unlike the 
leaf of a fern.* 

These crystals are transparent and colourless, and appear to 
be composed of about 53 parts of water and 47 of barytes. 
When exposed to the heat of boiling water, they undergo the 
watery fusion; that is to say, the water which they contain be- 
comes sufficient to keep the barytes in solution. A stronger 
heat drives off part of the water but not the whole. When 
exposed to the air, they attract carbonic acid, and crumble into 
dust. They are soluble in 174 parts of water at the tempera~ 
ture of 60°; but boiling water dissolves any quantity whatever : 
the reason of which is evident; at that temperature their own 
water of crystallization is sufficient to keep them in solution. 

It was observed by Bucholz and Gehlen that when the crys- 
tals of barytes are exposed to heat, they readily melt in their 
water of crystallization. As this water evaporates the barytes 
is reduced to adry mass. ‘This mass again melts when heated 
to redness and flows like an oil. But barytes procured from 
the nitrate of that earth by heat is infusible in the strongest 
heat that can be raised in our furnaces.{ ‘The reason of this 
difference is that the barytes obtained by heat from the crystals 
is in the state of hydrate, while the earth from the nitrate is 
free from water. From the experiments of Dalton, it appears, 
that water combines in at least 3 proportions with barytes, and 
forms 3 solid hydrates. 


Barytes. Water. 
ist composed of 1 atom + 1 atom. 
5 Da a Leese 3s 
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The first is formed by exposing crystallized barytes to a 
strong red heat; the second by reducing the crystals to a dry 
powder by heat; and the third consists of crystallized barytes.§ 
Lhe first hydrate is composed of 


* Hope, Edin. Trans. iv. 36. + Ibid. 
{ Gehlen’s Journal fiir die Chemie, Physik und Mineralogie, iv. 258. 
§ New System of Chemical Philosophy, ii. 522. 
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The second hydrate is composed of 
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The third hydrate is composed of 
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II. Barytes, according to the experiments of Gay-Lussac 
and ‘Thenard, is capable of uniting with an additional dose of 
oxygen. 

2. When chlorine is passed over it at a red heat, the oxygen 
of the barytes is expelled and chloride of barium formed. 

3. Iodine combines with it without expelling the oxygen, 
and forms iodide of barium. 

III. Of the simple combustibles, hydrogen, carbon, boron, 
and silicon, so far as is known, have no action on it. 

2. Phosphuret of barytes may be formed by putting phos- 
phorus and barytes into a glass tube close at one end, and heat- 
ing the tube upon burning coais, as in making phosphuret of 
lime. The combination takes place very rapidly. This phos- 
phuret is of a dark brown colour, very brilliant, and very fu- 
sible. When moistened, it exhales the odour of phosphuretted. 
hydrogen gas. When thrown into water, it is gradually de- 
composed, phosphuretted hydrogen gas is emitted, which takes 
fire when it comes to the surface of the water, and the phos- 
phorus is gradually converted into phosphoric acid.* This 
phosphuret has not been analysed ; but it is probably composed 
of 1 atom barytes -+ 1 atom phosphorus, or by weight of 


Barytes. «3 snes0 ONT Bi xin semi O 
Phosphorus’ <<.) 1%S. oS heer 


3. Sulphuret of barytes may be formed by mixing its two 
ingredients together and heating them ina crucible. The mix- 
ture melts at a red heat, and when cold forms a mass of a red- 
dish-yellow colour, without any smell, which is sulphuret of ba- 
rytes. ‘This sulphuret decomposes water with great rapidity ; 
sulphuretted hydrogen is formed, which, combining with the 


* Fourcroy, u. 191. 
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sulphuret, converts it into a hydroguretted sulphuret. This 
change takes place whenever the sulphuret is moistened with 
water, or even exposed to the atmosphere. When boiling 
water is poured upon sulphuret of barytes, a great quantity of 
sulphuretted hydrogen is formed almost instantaneously, which 
combines with the water, and occasions the solution of the sul- 


phuret. When the solution cools, a great number of brilliant: 


white crystals are deposited, sometimes in the form of needles, 
sometimes in six-sided prisms, and sometimes in hexagonal 
plates. ‘These crystals are composed of sulphuretted hydrogen 
and barytes, and have been called by Berthollet, to whom we 
are indebted for the first accurate account of them, hydrosiul- 
phuret of barytes. 'The liquid which has deposited the hydro- 
sulphuret is of a yellow colour, and holds in solution a hydrogu- 
retted sulphuret of Larytes.* No doubt this sulphuret is a com- 
pound of 1 atom barytes + 1 atom sulphur, or by weight of 
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4. Barytes has no action on metals; but it is capable of com- 
bining with several of the metallic oxides, and forming with 
them compounds which have not hitherto been much exa- 
mined. For instance, if it be poured into a solution of silver 
or lead in nitric acid, it precipitates the first brown, and the 
second white; but if an excess of barytes water be added, the 
precipitates are redissolved.+ 

IV. Weare indebted to Bucholz for a set of experiments on 
the action of barytes on the other earthy bodies. Lime does 
not seem to unite with it. When equal quantities of the two 
earths are heated in a crucible, a mass is obtained, having some 
cohesion, but soluble in water.{[ ‘The phenomena were nearly 
the same when barytes and magnesia were heated together. 
When the resulting mass was treated with water, the barytes 
dissolved, but took up more of the magnesia. § 


III. STRONTIAN. 


Strontian prepared by the process described in a preceding 


* Berthollet, Aun. de Chim. xxv. 233. 
+ Fourcroy and Vauquelin, Mem. de I’Instit. ii. 61. 
¢ Bucholz’s Beitrage, ii. 59. He seems not to have used pure lime, but 
a submuriate. 
§ Bucholz’s Beitrage, il. p. 56. 
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Book 1. part of this work* is a porous mass of a greyish white colour. 
Division | Tt has an acrid taste and converts vegetable blues to green. 
Action of | When water is sprinkled on strontian it is slacked, becomes 
water hot, and falls to powder exactly like barytes; but it is not so 

soluble in water as that earth. One hundred and sixty two 
parts of water, at the temperature of 60°, dissolve nearly one 
part of strontian. ‘The solution, known by the name of stron- 
tian water, is clear and transparent, and converts vegetable 
blues to agreen. Hot water dissolves it in much larger quan- 
tities; and as it cools, the strontian is deposited in colourless 
transparent crystals. These are in the form of thin quadran- 
gular plates, generally parallelograms, the largest of which 
seldom exceeds one-fourth of an inch in length. Sometimes 
their edges are plain, but they oftener consist of two facets, 
meeting together, and forming an angle like the roof of a 
house. ‘hese crystals generally adhere to each other in such 
a manner as to form a thin plate of an inch or more in length 
and half an inch in breadth. Sometimes they assume a cubic 
form. ‘They contain about 68 parts in 100 of water. They 
are soluble in 51°4 parts of water at the temperature of 60°. 
Boiling water dissolves nearly half its weight of them. When 
exposed to the air, they lose their water, attract carbonic acid, 
and fall into powder.+ ‘Their specific gravity is 1:46. 

It appears from the experiments of Bucholz, that strontian 
obtained by heating these crystals has the property of fusing 
at a red heat, while strontian from the nitrate is destitute of 
that property.§ Hence it is obvious that the first is a hydrate 
of strontian. It is, no doubt, composed of 1 atom strontian + 
1 atom water, or by weight of 


Strontian .: 6°500 <0. 54.4.% 100 
Y Water toc (rb 25) Pale ne ees 


The crystals of strontian appear from Dr. Hope’s analysis. 
above stated, to be composed of 1 atom strontian + 12 atoms 
water, or by weight of 


Strontian ..° “6*5° )22..°25.. 100 
WY Sek no. t) LoD ok ade Sole hae oo 


Tinges Strontian has the property of tinging flame of a beautiful 
famered. red, or rather purple colour; a property discovered by Dr. Ash 


* See vol. 1. p. 360. + Hope, Edin. Trans, iv. 44. 
+ Hassenfratz, Ann. de Chim. xxviii, 11. 
§ Gehlen’s Journal fiir de Chemie, Physick, und Mineralogie, iv. 664. 
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in 1787. ‘The experiment may be made by putting a Tittle of suaivi 
the salt composed of nitric acid and strontian into the wick of ski 
a lighted candle ;* or by setting fire to alcohol, holding mu- 

riate of strontian in solution. In both cases the flame is of a 

lively purple. In this respect it differs from barytes, which 

when tried in the same way is found to communicate a bluish 

yellow tinge to the flame.+ 

Il. Of the simple supporters oxygen does not appear to have 
any action on strontian. Chlorine decomposes it at a red heat 
and forms a chloride of strontium. Jodine combines with 
strontian and forms an iodide of strontian. 

IfI. Of the simple combustibles, hydrogen, carbon, boron, 
and silicon, have no action on strontian, so far as is known. 

2. Phosphuret of strontian may be prepared in the same 
way as the phosphuret of barytes. Its properties are similar. 

3. The sulphuret of strontian may be made by fusing the suiphuret. 
two ingredients ina crucible. It is soluble in water by means 
of sulphuretted hydrogen, which is evolved. When the solu- 
tion is evaporated, hydrosulphuret of strontian is obtained in 
crystals, and hydroguretted sulphuret remains in solution. 
These three compounds resemble almost exactly the sulphuret, 
hydrosulphuret, and hydroguretted sulphuret of barytes ; and 
do not therefore require a particular description. 

4. Strontian has no action upon metals; but it combines 
with several of their oxides, and forms compounds which have 
not hitherto been examined. 

IV. Barytes and strontian resemble each other in their pro- 
perties as closely as potash and soda: hence, like these two al- 
kalies, they were for some time confounded. It is in their com- 
bination with acids that the most striking differences between 
these two earths are to be observed. 


Iv. MAGNESIA, 


Magnesia obtained by the process formerly described + is a 
soft white elastic powder, with very little taste, and destitute of 
smell. It is insoluble in water, but converts vegetable blues to 
green. 

It is not melted by the strongest heat which it has been pos= Properties. 
sible to apply ; but Mr. Darcet observed that, in a very high 
temperature, it became somewhat agglutinated. When formed 


* Vauquelin, Jour. de Min. An. vi. 10. 
+ Pelletier, Ann. de Chim. xxi. 137. } See vol.i. p. 364, 
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into a cake with water, and then exposed to a violent heat, the 
water is gradually driven off, and the magnesia contracts in its 
dimensions; at the same time, as Mr. Tingry informs us, it 
acquires the property of shining in the dark when rubbed upon 
a hot iron plate. Dr. Clarke by a stream of oxygen and hy- 
drogen gases, fused it with great difficulty into a white enamel. 

2. Though insoluble in water it forms a dry hydrate which is 
composed of 1 atom magnesia + 1 atom water, or by weight of 


Magnesia.... 2°5 ob cee? 100 
Water’. 2... 996 @o Dt eas 


Magnesia has never yet been obtained in a crystallized form. 

When exposed to the air, it attracts carbonic acid gas and 
water; but exceedingly slowly. Butini left a quantity of it for 
two years in a porcelain cup merely covered with paper ; its 
weight was only increased =-1, part. 

II. Of the simple supporters, oxygen has no action on it. 
Chlorine decomposes it at a red heat and forms chloride of 
magnesium; iodine combines with it and forms iodide of 
magnesia. 

III. The only one of the simple combustibles with which it 
can be united is sulphur. No person has hitherto succeeded 
in forming a phosphuret of magnesia. In this respect it dif- 
fers from the other three alkaline earths. 

The sulphuret of magnesia may be formed by exposing a 
mixture of two parts of magnesia and one part of sulphur to 
a gentle heat in a crucible. The result is a yellow powder, 
slightly agglutinated, which emits very little sulphuretted hy- 
drogen gas when thrown into water. A moderate heat is suffi- 
cient to drive off the sulphur.* 

Magnesia has no action upon the metals; nor does it com- 
bine, as far as is known at present, with the metallic oxides, 
unless some intermediate substance be present. 

IV. Mr. Kirwan has shown that there is but little affinity 
between strontian and magnesia. They do not melt when ex- 
posed to a strong heat, at least when the strontian exceeds or 
equals the magnesia. 

Equal parts of lime and magnesia, mixed together, and ex- 
posed by Lavoisier to a very violent heat, did not melt; neither 
did they melt when Mr. Kirwan placed them in the tempera- 
ture of 150° Wedgewood. ‘The following table, drawn up by 


* Fourcroy, ui. 165. + Irish Trans. v. 246, 247. 


YTTRIA. ca 


Mr. Kirwan from his own experiments, shows the effect of heat subiivis. 1. 
. 5 ° ° Chap. II. 
on these two earths mixed together in different proportions. Se 


Proportions. Heat. Effect. 
ti Man ¢ PO AE are .. Went through the crucible. 
. Maw STOO «asecese sees Welt through the cruciple. 
3 oe vs weeeeee++. Went through the crucible. 
ae oe miles shueeos sod didhnotomelt, 
ste argees ere .Did not melt. 


30 Li Melted into a fine greenish 
10 Mac. 156 wish +f yellow glass; but the crucible 
no" was corroded throughout. 


Magnesia is used only in medicine. It is administered in- 
ternally to remove acidity in the stomach. 


SECT. LV. 
OF THE EARTHS PROPER. 


Tur earths proper are distinguished from the alkaline earths 
by being insoluble in water, and by producing no change upon 
vegetable blue colours. They were formerly reckoned six. 
But szdica, which was classed among them, has been recognised 
as possessed of acid properties. We must in consequence re- 
serve it for the next chapter. The earths proper then are the 
five following. 

Yttria, ‘ 
Glucina, 
Alumina, 
Zirconia, 


Thorina. 


We shall describe them in the order in which-they have been 
named. 


I. YTTRIA. 


Yttria, obtained by the process formerly described,* is a Properties. 
white tasteless powder insoluble:in water, alcohol, and caustic 
alkalies. 


* See vol. i- p. 368. 


72 


Book If. 


Division I, - 


Properties, 


Properties. 


SALIFIABLE BASES, 


Sulphuric, nitric, muriatic, and acetic acids, dissolve it, form- 
ing crystallizable salts, which have a sweet astringent taste, are 
soluble in water, and redden vegetable blues. 

Phosphoric, carbonic, oxalic, tartaric, and citric acids, form 
with it insoluble salts which do not act on vegetable blues. 

It may be precipitated from all its soluble salts by phosphate 
of soda, carbonate of soda, oxalate of ammonia, tartrate of 
potash. 

Ferrochyazate of potash likewise throws it down. Carbo- 
nate of yttria loses 32 per cent. when calcined. 

Yttria is precipitated by the alkalies and alkaline earths ; but 
it precipitates glucina, alumina, and zirconia.* 


Il. GLUCINA. 


Glucina, obtained by the process formerly described,+ is a 
white and very light powder, destitute of taste and smell, in- 
soluble in water and alcohol; but soluble in caustic alkalies. 
It dissolves likewise in carbonate of ammonia, in which respect 
it agrees with yttria; but its solubility in that liquid is five 
times greater than that of yttria. 

It is not precipitated by oxalate of ammonia nor tartrate of 
potash. .But the infusion of nut-galls throws it down yellow: 
if any iron be present the colour of the precipitate is purplish. 
Ferrochyazate of potash throws it down white, but if any iron 
be present, the tint is bluish. 

The acetate of glucina is sweet and astringent, reddens ve- 
getable blues, and does not crystallize, but forms a gummy 
mass in thin transparent plates, which dissolve in water. 

The sulphate of glucina dves not crystallize nor form alum. 
It forms a sulphate in flocks, and a supersulphate which re- 
mains In solution. 

The carbonate of glucina loses half its weight when exposed 
to a red heat. 


Iti. ALUMINA. 


Alumina obtained by the process formerly described,§ is a 
fine white-coloured powder destitute of taste and smell, but 
adhering strongly to the tongue. It is insoluble in water and 


* Vauquelin; Ann. du Mus. d’Hist. Nat. xv. 9. 

t See vol. i. p. 371. 

{ Vauquelin; Ann. du Mus. d’Hist. Nat. xv. @ 
See vol. 1..p. 373. 
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alcohol; but dissolves readily in caustic alkalies, and in a small 
degree it is soluble in ammonia, and even carbonate of ammo- 
nia. It dissolves slowly in sulphuric acid when assisted by 
heat, forming a colourless solution, When sulphate of potash 
is mixed with this solution, octahedral crystals of alum gra- 
dually form in it. 

Alumina is not precipitated by ferrochyazate of potash, but 
the infusion of nut-galls throws it down white. The precipi- 
tate is redissolved by nitric acid. 

Alumina undergoes a diminution of bulk proportional to the 
heat to which it is exposed. ‘This contraction seems owing, in 
low temperatures, to the loss of moisture: but in high tempe- 
ratures it must be owing toa more intimate combination of the 
earthy particles with each other; for it loses no perceptible 
weight in any temperature, however high, after being exposed 
to a heat of 130° Wedgewood.* 

Mr. Wedgewood took advantage of this property of alumi- 
na, and by means of it constructed an instrument for measur- 
ing high degrees of heat. It consists of pieces of clay of a 
determinate size, and an apparatus for measuring their bulk 
with accuracy: one of these pieces is put into the fire, and the 
temperature is estimated by the contraction of the piece.+ 
The contraction of the clay-pieces is measured by means of 
two brass rules fixed upon a plate. The distance between 
which at one extremity is 0°5 inch, and at the other extremity 
0°3 inch, and the rules are exactly 24°0 inches in length, and 
divided into 240 equal parts, called degrees. These degrees 
commence at the widest end of the scale. The first of them 
indicates a red heat, or 947° Fahrenheit. The clay-pieces 
are small cylinders, baked in a red heat, and made so as to 
fit 1° of the scale. ‘They are not composed of pure alumina, 
but of a fine white clay. 

Unfortunately the contraction of these pieces is not always. 
proportional to the degree of heat to which they have been 
exposed, nor do they correspond exactly with each other. 
The instrument, notwithstanding, is certainly valuable, and has 


contributed considerably towards the extension of our know- 
ledge. 
os) 


* Jour. de Phys. li. 287. 


tT See a particular description of this thermometer in Phil. Trams, Ixii. 
and Ixiy. 
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Alumina, when exposed to a very violent heat, produced by 
directing a stream of oxygen gas upon burning charcoal, un- 
dergoes a commencement of fusion, and is converted into a 
white enamel, semitransparent, and excessively hard.* If we 
put any confidence in the calculation of Saussure, the tempe- 
rature necessary for producing this effect is as high as 1575° 
Wedgewood.+ 

Though alumina be insoluble in water, yet it has a strong 
affinity for that liquid, and when precipitated from its solution 
in acids, it is always obtained in the state of a hydrate. From . 
Saussure’s experiments there is reason to suspect that this hy- 
drate is a compound of 1 atom alumina + 2 atoms water, or 
that it consists by weight of 
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Even this combination of alumina and water is capable, in 
its usual state of dryness, of absorbing 21 times its weight of 
water, without suffering any to drop out. It retains this water 
more obstinately than any of the other earths. In a freezing 
cold it contracts more, and parts with more of its water, than 
any other earth; a circumstance which is of some importance 
in agriculture.} 

II. The action of the simple supporters on alumina has not 
been examined. 

III. The action of the simple combustibles likewise is but 
imperfectly known. We are acquainted with no combination 
which they are capable of forming with alumina. But this 
earth has a strong affinity for metallic oxides, especially for 
those oxides which contain a maximum of oxygen. Some of 
these compounds are found native. Thus, the combination of 
alumina and red oxide of iron often occurs in the form of a 
yellow powder, which is employed as a paint, and distin- 
guished by the name of ochre. 

- JV. There is a strong affinity between the fixed alkalies and 
alumina. When heated together, they combine and form a 
loose mass without any transparency. Liquid fixed alkali 
dissolves alumina by the assistance of heat, and retains it in 
solution. ‘The alumina is precipitated again unaltered, by 


* Morveau, Jour. de l’Ecole Polytechnique, I. i. 299. 
+ Jour, de Phys, 1794, t+ Kirwan’s Miner. i. 9. 
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dropping an acid into the solution. This is the method em- 
ployed by chemists to procure alumina in a state of complete 
purity; for alumina, unless it be dissolved in alkali, almost 
always retains a little oxide of iron and some acid, which dis- 
guise its properties. Liquid ammonia is also capable of dis- 
solving a very minute proportion of newly precipitated alu- 
mina. 

Barytes and strontian also combine with alumina, both when 
heated with it in a crucible, and when boiled with it in water. 
The result, in the first case, is a greenish or bluish-coloured 
mass, cohering but imperfectly: in the second, two compounds 
are formed; the first, containing an excess of alumina, re- 
mains in the state of an insoluble powder; the other, contain- 
ing an excess of barytes or strontian, is held in solution by the 
water.* 

Alumina has a strong affinity for lime, and readily enters 


with it into fusion. The effect of heat on various mixtures of 


lime and alumina will appear from the following table.+ 


Proportions. Heat. Effect. 
75 Lime —e 
95 eee. ci ee 150 Wedge. oeeoeeees Not melted. 


66 Lime = 
33 aa SPO MR a Remained ’a powder: 


7m Lime a. Debi ween ain via ete. 


Alumina 
295 Lime 
75 a ae PIP LOIS Kh  Ielted, 


20 Li 
nN SE aE EE ELS 


Alumina 


Magnesia and alumina have no action whatever on each 
other, even when exposed to a heat of 150° Wedgewood.§ 

From the experiments of Achard, it appears, that no mix- 
ture of lime, magnesia, and alumina, in which the lime predo- 
minates, is vitrifiable, except they be nearly in the proportions 
of three parts lime, two magnesia, one alumina; that no mix- 


* Vauquelin, Ann. de Chim. xxix. 270. See also Bucholz’s Beitrage, 
ill. 58. 

+ Kirwan, i. 65. 

{ These three experiments were made by Ehrman: the heat was pro- 
duced by directing a stream of oxygen gas on burning charcoal, and is the 
most intense which it has been hitherto possible to produce. 

§ Kirwan’s Mmer. 1. 57. 
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ture in which magnesia predominates will melt in a heat be- 
low 166°; that mixtures in which the alumina exceeds are 
generally fusible, as will appear from the following table.* 


Alumina 
Lime bos chou A porcelain. 
Magnesia 


Alumina 

Lime \ . as Sheu ue porcelain. 
Magnesia 

Alumina 

Lime \. .ee+.+s Porous porcelain. 
Magnesia 

Alumina 

Lime \ »eeeee- Porous porcelain 
Magnesia 


Alumina 
ints om 26) 2969 Porcelain. 
Magnesia 
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None of the earths is of more importance to mankind than 
alumina; it forms the basis of china and stoneware of all 
kinds, and of the crucibles and pots employed in all those 
manufactures which require a strong heat. It is absolutely 
necessary to the dyer and calico-printer, and is employed too 
with the greatest advantage by the fuller and cleaner of cloth. 


1V. ZIRCONIA. 


Zirconia, obtained by the process described in a former part 
of this work,+ is a white powder, having a harsh feel, destitute 
of taste and smell, and insoluble in water, alcohol, and fixed 
alkalies. But it dissolves in the solutions of the alkaline car- 
bonates. 

The salts of zirconia have an astringent taste. ‘The nitrate 
and acetate do not crystallize: but form a gummy-like matter ; 
the muriate crystallizes, and is very soluble. The sulphate 
and carbonate are insoluble in water. 

Zirconia is precipitated from its solutions by prussiate of 
potash, gallic acid, and infusion of nut-galls. 

This earthy body, on account of its scarcity, has been more 
imperfectly examined than any of the others. 


* Kirwan’s Miner. i. 72. t See vol. i. p. 375. 
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V. THORINA. 


Thorina, obtained by the process described in a former part 
of this work,* is a white powder still capable of dissolving in 
acids, though it has been exposed to a red heat. Its salts have 
a purely astringent taste, without any sweetness or bitterness. 
All its saline solutions are precipitated by boiling when they 
do not contain a great excess of acid. It is insoluble in the 
aqueous solution of potash. 


It is precipitated white by ferrochyazate of potash, oxalate 


of ammonia, tartrate of ammonia, benzoate of ammonia. 


ho | Oa A 
OF THE METALLIC OXIDES. 


THESE are the oxides of the three last families in the second 
genus of simple combustibles. They amount to twenty metals ; 
five of which, namely, zinc, cadmium, bismuth, silver, and 
palladium, form only one oxide. All the rest, it would 
seem, form two oxides each. In iron, manganese, lead, and 
rhodium, the two oxides combine, and form peculiar com- 
pounds, which might be considered as intermediate oxides 
were it not that they do not unite with acids, but are separa- 
ted, by these liquids, into protoxides and peroxides. In iron, 
nickel, cobalt, manganese, cerium, uranium, and lead, it is the 
protoxides that possess the alkaline qualities in greatest perfec- 
tion, or, in other words, have the greatest tendency to unite 
with and neutralize acids. In copper and gold, and probably 
also in platinum, the peroxides have a greater tendency to 
neutralize acids than the protoxides. In mercury and rho- 
dium, both the protoxide and peroxide neutralize acids. Iri- 
dium has not been sufficiently examined to enable us to deter- 
mine its oxides, or which possesses most of the neutralizing 
power. ‘The oxides of tin possess the property of uniting 
with acids in a very imperfect degree. ‘They are nearly as 
capable of combining with alkaline bodies, So that they con- 
stitute the limit, as it were, between acid and alkaline bodies. 

None of the metallic oxides belonging to this section have 
the property of changing vegetable blues to green. ‘The rea- 


* See voli pe S77 io + 
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of them possess the property of neutralizing acids as com- 
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pletely as the fixed alkalies themselves. ‘This is the case with 
the oxide of silver, the protoxide of lead, the oxide of zine, 
the protoxide of manganese. The alkaline power of protoxide 
of iron, protoxide of nickel, protoxide of cobalt, peroxide of 
copper is also great, though perhaps inferior to that of the first- 
mentioned oxides. ‘The oxide of bismuth is inferior in neu- 
tralizing powers to the peroxide of copper. I have not sufficient 
knowles of the neutralizing powers of protoxide of cerium, 
protoxide of uranium, per hale of gold, and peroxide of 
platinum, to assign them their true place. The neutralizing 
power of protoxide of cerium is considerable, probably not 
inferior to that of protoxide of iron. Both oxides of mercury 
possess considerable neutralizing powers. 

I have already described the properties of these oxides, and 
given a table of their composition when treating of the metals 
themselves from which they are obtained. When we wish to 
dissolve them in acids, we should employ them in the state of 
hydrates. After beiag exposed to a red heat they lose a great 
deal of their solubility, no doubt in consequence of the great 
increase of the cohesion of their particles. 


CHAP. ITI. 
OF ACIDS. 


Tue word acim, originally synonimous with sour, and ap- 
plied only to bodies distinguished by that taste, has been gra- 
dually extended in its signification by chemists, and now com- 
prehends under it all substances possessed of the following 
properties : 

1. When applied to the tongue, they excite that sensation 
which is called sour or acid. 

2. They change the blue colours of vegetables to a red. 
The vegetable blues employed for this purpose are generally 
infusion of litmus and syrup of violets or raddishes, which have 
obtained the name of reagents or tests. If these colours have 
been previously converted to a green by alkalies, the acids re- 
store them again. 

3. They unite with water in almost any ee 

4. They combine with alkalies, earths, and most of the me- 
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tallic oxides, and form with them those compounds which are subaivis, t 


called salts. 

It must be remarked, however, that every acid does not pos- 
sess all these properties ; but all of them possess a sufficient num- 
ber of them to distinguish them from other substances. And 
this is the only purpose which artificial definition is meant to 
answer. 

The acids are by far the most important class of bodies in 
chemistry. It was by their means indeed, by studying their 
properties, and by employing them as instruments in the ex- 
amination of other bodies, that men of science laid the foun- 
dation of chemistry, and brought it to that state in which we 
find it at present. ‘The nature and composition of acids, 
therefore, became a very important point of discussion, and 
occupied the attention of the most eminent cultivators of the 
science. 


Chap. If. 
—S——” 


Paracelsus believed that there was only one acid principle opinion 


in nature which communicated taste and solubility to the 


concerning 
the acid 


bodies in which it was combined. Beccher embraced the same Ptitciple. 


opinion; and added to it, that this acid principle was a com- 
pound of earth and water, which he considered as two ele- 
ments. Stahl adopted the theory of Beccher, and endea- 
voured to prove that this acid principle is sulphuric acid; of 
which, according to him, all the other acids are mere com- 
pounds. But his proofs were only conjectures or vague expe- 
riments, from which nothing could be deduced. Nevertheless, 
his opinion, like every other which he advanced in chemistry, 
continued to have supporters for a long time, and was even 
countenanced by Macquer. At last its defects began to be 
perceived: Bergman and Scheele declared openly against it; 
and their discoveries, together with those of Lavoisier, demon- 
strated the falsehood of both parts of the theory, by showing 
that sulphuric acid does not exist in the other acids, and that 
it is not composed of water and earth, but of sulphur and 
oxygen. 

The opinion, however, that acidity is owing to some prin- 
ciple common to all the salts, was not abandoned. Wallerius, 
Meyer, and Sage had advanced different theories in succession 
about the nature of this principle; but as they were founded 
rather on conjecture and analogy than direct proof, they ob- 
tained but few advocates. At last Mr. Lavoisier, by a num- 
her of ingenious and accurate experiments, proved that several 
combustible substances, when united with oxygen, form acids; 


— 
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that a great number of acids contain oxygen ; and that when 
this principle is separated from them, they lose their acid 
properties. He concluded, therefore, that the acidifying 
principle is oxygen, and that acids are nothing else but com- 
bustible substances combined with oxygen, and differing from 
one another according to the nature of the combustible base. 

This opinion, like most of those advanced by M. Lavoisier, 
was very generally received by chemists; though there were 
some who refused to admit it, and contended that no such 
substance as an acidifying principle exists; but that the nature 
of a compound depends upon the way in which the constitu- 
ents unite together. This was the opinion maintained all 
along by Berthollet; and the authority of his name, which 
was deservedly high, prevented the hypothesis of Lavoisier 
from being adopted with so much keenness, or insisted on 
with so much violence, as would have been otherwise the case. 

The curious: experiments on chlorine, by Gay-Lussac and 
Thenard, the new view of the nature of muriatic acid taken 
in consequence by Sir Humphrey Davy, the subsequent dis- 
covery of hydriodic acid, and of hydrocyanic acid, have made 
so great an alteration in our knowledge of acids, that Lavoi- 
sier’s hypothesis can now have few or no supporters, and the 
opinion of Berthollet, respecting the nature of acidity, pro- 
mises fairest to be the true one. 

All the acids at present known, with the exception of three, 
namely, sulphuretted hydrogen, telluretted hydrogen, and 
seleniuretted hydrogen, contain a supporter of combustion. 
By far the greater number of known acids contain oxygen. 
All acids, therefore (with the exception of the three above- 
named) are combinations of supporters and combustibles. 
Now there are some that contain only one combustible, which 
may be considered as the base; while others contain two com- 
bustibles, or even three, united to a supporter. It has not 
been ascertained whether these last consist of a compound 
combustible basis united to a supporter; so that with respect 
to them we cannot say that they possess any acidifying princi- 
ple whatever. 

In this chapter I shall describe all the known acids that 
consist of oxygen united to a combustible, or to combustibles. 
It will be convenient to distinguish these two sets of acids 
from each other. The second set is derived entirely from the 
vegetable and animal kingdom, and consists of acids that are 
capable of undergoing combustion, and which are destroyed 
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by fire, as is the case with all organic bodies, whether Ve@e- Subdivis. T. 
table or animal; whereas the Anse set are incombustible, and os 
may be exposed to a considerable heat without undergoing de- 
composition. We shall, therefore, divide the acids containing 

oxygen into two genera. The first genus will consist of the 

acids formed by the combination of oxygen with a single com- 
bustible; the second, of those that contain oxygen united to 

two or more combustibles. 


GENUS I. ACIDS WITH A SIMPLE BASIS. 


All the simple acidifiabie combustibles are capable of form- 
ing acids with oxygen, except hydrogen and tellurium. The 
whole of the third genus of combustibles likewise form acids 
with oxygen, except titanium. The acids therefore belonging 
to this genus including those of azote amount to 22 in number. 
Their names are as follows: 


& 


Bases. 
Nitric acid ... rn 
Nitrous acid’. vod “aaa 
Carbonic acid....... : Carbon. 
Doraci@acia, .2'5..'. 6466.8 Boron: 
MCR, bis Sess Seuee  LEICOL. 


Phosphoric acid. ..... 

Phosphorous acid .... Phosphorus. 
~ Hypophosphorous aeid 

Sulphuric acid ... 


Sulphurous acid...... 

Pi aposdbainarss acid . sd ik 
Hyposulphuric ...... 

Pe Shel twes wee 3 Selenium. 
PEYGETIC ACH. <s.icieiei ele « A : 
Arsenious acid ...... } Se se 
Antimonic acid ...... a 
Antimonious acid .... } aera 
Chromic acid .... <>. 4: Chromium. 
Molybdic acid ...... 

Bal -bidous AC es j ae ore 


Tungstic acid.......... Tungsten. 
Columbic acid ......... Columbium. 


When these acids contain as much oxygen as can unite 
with their bases, their names terminate in ic, when the bases 
are not saturated with oxygen the name of the acid terminates 
in ous. 

We shall describe the properties of these acids in the fol- 
lowing sections. 

VOL, 11. G 
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SECT. I.. 
OF NITRIC ACID. 


Nrrrie acid seems to have been first obtained in a sepa~ 
rate state by Raymond Lully, who was born at Majorca in 
1235. He procured it by distilling a mixture of nitre and 
clay. Basil Valentine, who lived in the 15th century, de- 
scribes the process minutely, and calls the acid water of nitre. 
It was afterwards denominated agua fortis and spirit of nutre. 
The name nitric acid was first given it in 1787 by the French 
chemists. 

1. It was formerly obtained in large manufactories by dis- 
tilling a mixture of nitre and clay; but the acid procured by 
this process is weak and impure. Chemists generally prepare 
it by distilling 2 parts of nitre and 1 of sulphuric acid in a 
glass retort. ‘This method was first used by Glauber. The 
neck of the retort must be luted into a receiver, from which 
there passes a glass tube into a bottle with two mouths, con- 
taining a little water, and furnished with a tube of safety.* 
From the other mouth of this bottle there passes a tube into 
a pneumatic apparatus to collect the gas which is evolved du- 
ring the process. ‘The apparatus is represented in the follow- 
ing figure: 


The retort is to be heated gradually to at least 500°. The 


* A tube of safety is a tube open at its upper end, and having its lower 
end plunged in water. ‘he water prevents any communication between 
the external air and the inside of the apparatus. Ifa vacuum happens to 
be formed within the vessels, the external air rushes down through the tube 
and prevents any injury to the vesseis. On the other hand, if air is genera- 
ted in the vessels, it forces the water up to the tube, the height of which be- 
comes thus the measure of the elasticity of the air in the vessels. By this 
contrivance the apparatus is in no danger of being broken, which otherwise 


might happen. 
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nitric acid comes over and is condensed in the receiver, while 
the common air of the vessels, and a quantity of oxygen gas 
which is evolved, especially towards the end of the process, 
passes into the pneumatic apparatus, and the water in the 
bottles is impregnated with some acid which is not condensed 
in the receiver. 

The acid, thus obtained, is of a yellow colour, and almost 
always contains muriatic and sulphuric acid from which it is 
difficult to free it completely. Perhaps the best way is to pu- 
rify the nitre beforehand by repeated crystallizations, and by 
throwing down the muriatic acid that may adhere after all, by 
means of nitrate of silver. From the experiments of Lassone 
and Cornette, it appears that if nitric acid contaminated with 
muriatic be distilled with precaution, the whole of the muri- 
atic acid comes over with the first portions, and the last por- 
tions are quite free from it.* The common method is to mix 
impure nitric acid with nitrate of silver, to separate the preci- 
pitate, and re-distil. This method succeeds only when the 
acid is strong; if it be weak, a portion of muriatic acid 
still adheres to it. ‘The sulphuric acid may be separated by 
rectifying the acid, by distilling it slowly, and withholding the 
last portions, or by distilling it off litharge or nitrate of barytes. 

After these foreign bodies are separated, the acid still re- 
tains a quantity of nitrous gas, to which it owes its colour and 
the red fumes which it exhales. ‘This gas may be expelled by 
the application of heat. Pure nitric acid remains behind, 
transparent and colourless, like water. 

2. When newly prepared in this manner, it is a liquid as 
transparent and colourless as water; but the affinity between 
its component parts is so weak, that the action of light is suffi- 
cient to drive off a part of its oxygen in the form of gas; and 
thus, by converting it partly into nitrous gas, to make it as- 
sume a yellow colour. Its taste is exceedingly acid and pecu- 
liar. It is very corrosive, and tinges the skin of a yellow 
colour, which does not disappear till the epidermis comes off. 
It is constantly emitting white fumes, which have an acrid and 
disagreeable odour. 

3. It has a strong affinity for water, and has never yet been 
obtained except mixed with that liquid. When concentrated, 
it attracts moisture from the atmosphere, but not so powerfully 


* Mem. Par. 1781, p. 645. 
GZ 
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as sulphuric acid. It also produces heat when mixed with 
water, owing evidently to the concentration of the water. 

The specific gravity of the strongest nitric acid that can be 
procured is, according to Rouelle, 1°583; but at the tempera- 
ture of 60°, Mr. Kirwan could not procure it stronger than 
15543. Proust obtained it of a specific gravity as high as 1°62.* 

As nitric acid, however much it may be concentrated, always 
contains water combined with it, it becomes a problem of con- 
siderable interest to ascertain the proportion of real acid, or of 
acid destitute of water, that exists in nitric acid of every spe- 
cific gravity. This problem has exercised the ingenuity of 
Kirwan,+ Davy,{ Berthollet,§ and Dalton. || 

The following table drawn up by Dr. Ure, from a set of 
experiments that seem to have been made with care, must prove 
of considerable utility to practical chemists : 


Specific Acid in Specific Acid in | Specific | Acid in 
gravity. 100. gravity. 109. gravity. 100. 

1°5000 | 79°700 || 1°4424 | 64°557 || 1°3579 | 49°414 
1°4980 | 78°903 |) 1°4385 | 63°760 || 1°3529 | 48°617 
1°4960 | 78°106 || 1°4346 | 62°963 || 1°3477 | 47°820 
1°4940 | 77°309 | 1°4306 | 62°166 || 1°3427 | 47°023 
1°4910 | 76°512 | 1°4269 | 61°369 || 1°3376 | 46°226 
1°4880 | 75°715 || 14228 | 60°572 || 1°3323 | 45°429 
1°4850 | 74°918 || 1°4189 | 59°775 || 1°3270 | 44°632 
1°4820 | 74°12] 1°4147 |; 58°978 || 1°3216 | 43°835 
1°4790 | 73°324 || 1°4107 | 58°181 1°3163 | 43°038 
1°4760 | 72°527 || 1°4065 | 57°384 || 1°3110 | 42°241 
1°4730 | 71°730 || 1°4023 | 56°587 || 1°3056 | 41°444 
1°4700 | 70°933 || 1°3978 | 55°790 || 1°3001 | 40°647 
14670 | 70°136 || 1°3945 | 54°993 || 1°294'7 | 39°850 
1°4640 | 69°339 || 1°3882°| 54°196 || 1°2887 | 39°053 
1°4600 | 68°542°) 1°3833 | 53°399 || 1°2896 | 38256 
1°4570 | 67°745 || 1°3783°| 52°602 | 1°2765 | 37°459 
1°4530 | 66°948 |) 1°3732 | 51°805 || 1°2705 | 36°662 
1°4500 | 66°155 | 1°3681 | 51°068 || 1:2644 1} 35°865 
1°4460 | 65°354 || 1°3630 | 50°211 | 1°2583 | 35°068 


* Jour. de Phys. 1799, as quoted by Mr. Dalton in his New System of 
Chemical Philosophy, i. 345. 

+ Irish Transactions, iv. 1. 

§ Jour. de Phys. 1807, March. ; 

| New System of Chemical Philosophy, ui. 355. 


{ Researches, p. 41. 
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TaspLlE—continued. 


Specific | Acid in Specific | Acid in Specific | Acid in 
gravity. 100, gravity. 100. gravity. 100, 


E2593.) S402 ida P1587) 22316.) LO708.| 1O:36k 
1:2462 | 33°474 || 1°1526 | 21°519 || 1°0651 9°564 
1:°2402 | 32°677 || 1°1465 | 20°722 || 1°0595 8°767 
1:2341 | 31°880 |; 1°1403 | 19°925 || 1°0540 7°970 
12277 | 31°083 261345, |.19°I28) |) 10485 THTS 
1°2212 | 30°286 |) 1°1286 | 18°331- || 1°0430 6°376 
1°2148 | 29°489 || 1:1227 | 17°534 || 1°0375 5°579 
1°2084 | 28°692 || 1°1168 | 16°737 || 1°0320 Ae'782 
1°2019 | 27°895 || 1°1109 | 15°940 | 1°0267 3°985 
11958 |} 27°098 || T°1O51 | 15*143° |) 1°0212 3°188 
1°1895 | 26°301 || 1°0993 | 14°846 || 1°0159 2°391 
T1833 | 25°504 |). 0935 ; 13°549. |} -1°0106 1°594 
1°1770 | 24°707 || 1:0878 | 12°752 || 1:0053 O97 
bE 709"). 23°910. bk-O82) | Lb°955 

| 151648 | 23°113 || 1:0764 | 11°158 


The following table exhibits the constitution of nitric acid 
of various densities. 


Specific gravity. Acid. Water. 
1:485 is composed of 1 atom + 2 atoms. 
AU eas as APES ES IE Oe ak: 
We ak lettin fois asia: Ph ue Stee, VE 
BIE so 6 nie a tiers s ¢ ER ae Ne 
BOO ae ae se ares 6. 0 he eee 
| Soc 7 ia ie oat lm Diteg et "ie 
WE Ue ate ee ds 6 56 Dek ae 
elas og ores tie tir wey ile: 
OO a. aos We the eee Pot can LU 
Or Nesey 3's Malare Py fale 11 


1°246 Sata cletsdcr a cas TE @e@eae 1Z 


Probably the specific gravity of a compound of 1 atom acid + 
1 atom water, would be about 1°5945. 

4. From the experiments of Mr. Dalton it appears that the 
boiling point of nitric acid is a maximum when it is of the 
specific gravity 1°42, It then boils at the temperature of 248°, 
as had been already ascertained by Bergman.* When either 


* Opusce. il. 141. 
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stronger or weaker, the temperature at which it begins to boil 

is diminished. The following table drawn up by Mr. Dalton, 
from his own experiments, shows the temperature at which 
acid of difierent densities begins to boil.* 


Sp. gravity of acid. Boiling point. 
G2 Fn cise eva OO f 
OA Bees a ss see ge (gs 


SPO . Cais < eee Pol 
145 U2 SNe cee r2e0 
MOAN Cae dete cet 248 
PLO Gees sake tek ee eee 
TOD sie ses sual’ Sete ey ee 
GO Ts yo asiere ts pw FLO 
126.) 44 eter: eee! 
W327 1; .Gearhds « RIZZO 
1220 (eS bates 3 te peace 


ALS SS nk pee DZS 
ST aif sossasae, so Desce Ah a 
PAG 5 eee STs 220 


AS Uigteant) eel ene 
PG seat eatee ee 


When cooled down to — 66°, it begins to congeal; and 
when agitated, it is converted into a mass of the consistence of 
butter.t But an account of the freezing points of this acid, 
as ascertained by Cavendish, has been already given in a pre- 
ceding part of this work. { 

II. The simple supporters of combustion have no action on 
nitric acid; at least as far as is known at present. 

III. All the simple combustibles decompose it, except the 
diamond, gold, platinum, palladium, rhodium, and tantalum. 
When poured upon sulphur or phosphorus § at a high tem- 
perature, it sets them on fire; but at a moderate temperature 
it converts them slowly into acids, while nitrous gas is exhaled. 
It inflames charcoal also at a high temperature, and even at 


* New System of Chemical Philosophy, ii. 355. 

+ Fourcroy and Vauquelin, Ann. de Chim. xxix. 282. 

t°Vol. 1. p. 50. 

§ According to Brugnatelli, when a bit of phosphorus is wrapped up in 
paper, dipped in nitric acid, and struck smartly with a hammer upon an 
anvil, a detonation takes place. Jour. de Chim, iv. 118.—-With me, how- 
ever, the experiment did not succeed. 
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the common temperature, provided the charcoal be perfectly ee 
dry and minutely divided.* Hydrogen gas produces no change amar 
on it at the temperature of the atmosphere; but when passed 
along with it through a red hot porcelain tube, it detonates 
with great violence; water is formed, and azotic gas evolved.+ 

When this acid is poured upon oils, it sets them on fire. 
This is occasioned by a decomposition both of the acid and 
oil. The oxygen of the acid combines with the carbon and 
with the hydrogen of the oils, and at the same time lets out a 
quantity of caloric. Hence we see that the oxygen which 
enters into the composition of the nitric acid still contains a 
great deal of caloric; a fact which is confirmed by a great 
number of other phenomena. The combustion of oils by this 
acid was first taken notice of by Borrichius and Slare;{ but it 
is probable that Homberg communicated it to Slare. In ‘order 
to set fire to the fixed oils, it must be mixed with some sul- 
phuric acid; the reason of which seems to be, that these oils 
contain water, which must be previously removed. ‘The sul- 
phuric acid combines with this water, and allows the nitric 
acid, or rather the oil and nitric acid together, to act. The 
drying oils do not require any sulphuric acid: they have been 
boiled, and consequently deprived of all moisture. 

It sets fire to zinc, bismuth, and tin, if it be poured on them 
in fusion, and to filings of iron if they be perfectly dry. § 

IV. Nitric acid absorbs nitrous gas with great avidity, as- 
sumes a yellow or brown colour, and the property of emitting 
dense yellow fumes. In this state it was formerly known by 
the name of phlogisticated nitric acid. 

V. Nitric acid combines with alkalies, earths, and the oxides Nitrates. 
of metals, and forms compounds which are called nitrates. 

VI. Nitric acid is one of the most important instruments 
of analysis which the chemist possesses; nor is it of inferior 
consequence when considered in a political or commercial view, 
as it forms one of the most essential ingredients of gunpowder. 

Its nature and composition accordingly have long occupied 
the attention of philosophers. Let us endeavour to trace the 
various steps by which its component parts were discovered. 

As nitre is often produced upon the surface of the earth, composi- 
and never except in places which have a communication with “°” 


* Proust. + Fourcroy, ii. 82. 
$ Phil. Trans. Abr. ii. 653, and iii. 663. 
Proust, Dijon Academicians, and Cornette. 
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Saha atmospheric air, it was natural to suppose that air, or some 
ivision J. 


part of the air, entered into the composition of nitric acid. 
Mayow having observed, that nitre and atmospherical air 
were both possessed of the property of giving a red colour to 
the blood, and that air was deprived of this property by com- 
bustion and respiration—concluded that nitre contained that 
part of the air which supported combustion, and was necessary 
for respiration. 

Dr. Hales, by applying heat to nitric acid, and what he 
called Walton mineral, obtained a quantity of air possessed of 
singular properties. When atmospherical air was let into the 
jar which contained it, a reddish turbid fume appeared, a 
quantity of air was absorbed, and the remainder became 
transparent again.* Dr. Priestley discovered, that this air 
could only be obtained from nitric acid; and therefore called 
it nitrous air. He found, that when this gas was mixed with 
oxygen gas, nitric acid was reproduced. Here, then, we find 
that oxygen is a part of the nitric acid, and consequently that 
Mayow’s affirmation is verified. 

Dr. Priestley, however, explained this fact in a different 
manner. According to him, nitrous gas is composed of nitric 
acid and phlogiston. When oxygen is added, it separates 
this phlogiston, and the acid of course is precipitated. ‘This 
hypothesis was adopted by Macquer and Fontana; and these 
three philosophers endeavoured to support it with their usual 
ingenuity. But there was one difficulty which they were un- 
able to surmount. When the two gases are mixed in proper 
proportions, almost the whole assumes the form of nitric acid; 
and the small residuum (-,|-th part), in all probability, or rather 
certainly, depends on some accidental impurity in the two 
gases. What then becomes of the oxygen and phlegiston ¢ 
Dr. Priestley supposed that they formed carbonic acid gas; 
but Mr. Cavendish proved, that when proper precautions are 
taken, no such acid appears.+ 

Dr. Priestley had procured his nitrous gas by dissolving 
metals in nitric acid; during the solution of which a great 
deal of nitrous gas escapes. He supposed that nitrous gas 
contained phlogiston, because the metal was oxidized (and 
consequently, according to the then received theory, must have 
lost phlogiston) during its formation. M. Lavoisier proved, 
that this supposition was ill founded, by the following cele- 


_* Veget. Statics, 11. 484. - > Phil, Trans. 1784. 
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brated experiment.* ‘To 945 grains of nitric acid (specific subaivis. 1. 
eravity 1°316) he added 1104 grains of mercury. During anugeay 
the solution 273:234 cubic inches of nitrous gas were pro- 
duced. He then distilled the salt (oxide of mercury) which 
had been formed to dryness. As soon as it became red hot it 
emitted oxygen gas, and continued to do so till almost the 
whole of the mercury was revived: the quantity of oxygen 
emitted was 287'742 cubic inches. All that had happened, 
therefore, during the solution of the mercury, was the separa- 
tion of the acid into two parts; nitrous gas, which flew off, 
and oxygen, which united with the metal. 

M. Lavoisier concluded, therefore, that the whole of the 
nitrous gas was derived from the nitric acid; that nitric acid 
is composed of oxygen and nitrous gas; and that the propor- 
tions are nearly 64 parts by weight of nitrous gas, and 36 of 
oxygen gas. 

But there was one difficulty which M. Lavoisier acknow- 
ledged he could not remove. ‘The quantity of oxygen ob- 
tained by decomposing nitric acid was often much greater than 
what was necessary to saturate the nitrous gas. M. De Mor- 
veau attempted to account for this; but without success.+ 
Nitrous gas itself was evidently a compound: but the difficulty 
was to discover the ingredients. M. Lavoisier concluded, 
from an experiment made by decomposing nitre by means of 
charcoal, that it contained azote; and several of Dr. Priest- 
ley’s experiments led to the same result. But what was the 
other ingredient ? 

Mr. Cavendish had observed, while he was making experi- 
ments on the composition of water, that some nitric acid was 
formed during the combustion of oxygen and hydrogen gas, 
and that its quantity was increased by adding a little azote to 
the two gases before the explosion. Hence he concluded, 
that the formation of the acid was owing to the accidental pre- 
sence of azotic gas. ‘T’o verify this conjecture, he passed elec- 
trical sparks through a quantity of common air inclosed in a 
glass tube: the air was diminished, and some nitric acid 
formed. He repeated the experiment, by mixing together 
oxygen and azotic gas; and found, that when they bore a 
certain proportion to each other they were totally convertible 
into nitric acid. 


> mem. Pair, 1776, 9. 673. 
+ Encyc. Method. Chim. Acide Nitrique. 
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These experiments were immediately repeated by Messrs. 
Van Marum and Van Troostwyk, and with nearly the same 
result. 

Dr. Priestley had observed, several years before these ex~ 
periments were made, that atmospherical air was diminished 
by the electric spark, and that during the diminution the in- 
fusion of turnsol became red; but he concluded merely that 
he had precipitated the acid of the air. Landriani, who 
thought, on the contrary, that carbonic acid gas was formed, 
announced the alteration of lime-water by it as a proof of his 
opinion. It was to refute this notion that Mr. Cavendish 
undertook his experiments. 

It. cannot be doubted, then, that nitric acid is composed of 
azote and oxygen; consequently nitrous gas is also composed 
of the same ingredients. And as nitrous gas absorbs oxygen, 
even from common air, and forms with it nitric acid, it is evi- 
dent that nitric acid contains more oxygen than nitrous gas. 
But it is exceedingly difficult to ascertain the exact proportions 
of the component parts of this acid. ‘The subject has been 
discussed with much care of late by Berzelius, Dalton, Davy, 
and Gay-Lussac. I have given in a former part of this work 
the composition of this acid as deduced from the most accurate 
experiments hitherto made and now generally adopted by 
chemists. It is composed of 1 volume of azotic gas combined 


with 21 volumes of oxygen gas, or of 1 atom azote + 5 atoms 
oxygen, or by weight of 


AZOe VTS oe oes 100 aoe oa eae 
Oxygen 5°00, ...'.. 2808 uereee aur 


100°00 


SECT. II. 
OF NITROUS ACIDs 


WHEN nitre, which is a compound of nitric acid and pot- 
ash, is exposed to a red heat, it yields a considerable quantity 
of oxygen gas almost in a state of purity. If the process be 
conducted with the proper precautions and stopped in time, 
the nitre still retains the properties of a neutral salt. But the 
acid which it contains is obviously in a different state, since it 
has lost a considerable part of its oxygen. To this new state 
the term nitrous acid is applied. 
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The experiment just recited was first made by Scheele, and Satie 
mentioned in his dissertation on manganese, published’ in Snags: 
1774.* He first pointed out the difference between niiric and 
nitrous acids. 

Berzelius first observed that when dry nitrate of lead is dis- 
tilled in a glass retort there comes over an orange coloured 
liquid. This liquid was examined by Gay-Lussac, + and after- 
wards more carefully by Dulong.{ It is nitrous acid nearly 
pure. } 

Nitrous acid, thus prepared, has an orange colour; its taste Properties. 
is very acid; it smokes strongly, and is very volatile, boiling 
at the temperature of 82°. Its specific gravity is 1-451. When 
passed over red hot iron or copper it is decomposed. The 
oxygen unites to the metals while the azote is set at liberty. 

From the experiments of Gay-Lussac, there is reason to con- 
clude that this acid may be formed by mixing together 1 vo- 
lume of oxygen gas with 2 volumes of nitrous gas. Hence 
it must be composed by weight of } 
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When this acid is mixed with water an effervescence takes 
place and nitrous gas is emitted. Hence it appears that 
nitrous acid cannot exist in combination with water. ‘The 
different high-coloured acids, therefore, to which the name of cotovrea 
nitrous acid has been applied are not entitled to that name; “"** 
they consist rather of nitric acid, holding in solution various 
proportions of nitrous gas. The nature oe this high-coloured 
acid was first eee by Dr. Priestley, who ne ated, 
by very decisive experiments, that it is a compound of nitric 
acid and nitrous gas. This opinion was embraced, or rather 
it was first fully developed, by Morveau.§ But the theory of 4 com- 
Lavoisier, which supposed the difference between colourless °""" 
and yellow nitric acid to depend merely on the first contain- 7" nitric 
ing a greater proportion of oxygen than the second, for some oe 
time drew the attention of chemists from the real nature of 
the combination. Raymond published a dissertation in 1796, 
to demonstrate the truth of the theory of Priestley and Mor- 


* Scheele’s Opusc. i. 59. + Ann. de Chim. et Phys. 1. 405. 
j Ann, de Chim. ii. 317. § Encyc. Method. Chim. i. 18. 
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veau; and the same thing was done still more lately by 
Tikdineon and Davy.* 

Nitric acid being capable of absorbing very different pro- 
portions of nitrous gas, it is evident that there must be a great 
variety of nitrous acids, to use the common phrase, differing 
from each other in the proportion of nitrous gas which they 
contain; unless we choose to confine the term to the com- 
pound formed by saturating nitric acid completely with nitrous 
gas. 

When nitrous gas is placed in contact with nitric acid, the 
acid absorbs it slowly, and acquires first a pale yellow colour, 
then a bright yellow: when a considerable portion more of 
nitrous gas is absorbed, the acid becomes dark orange, then 
olive, uihieh increases in intensity with the gas absorbed; then 
it becomes of a bright green ; and lastly, when fully saturated, 
it becomes blue green. Its eels and its volatility also increase 
with the quantity of gas absorbed; and, when fully saturated, 
it assumes the form of a dense vapour, of an exceedingly suf- 
focating odour, and difficultly condensible by water. In this — 
state of saturation it is distinguished by Dr. Priestley by the 
name of nitrous acid vapour. It is of a dark red colour, and 
passes through water partly without being absorbed. The 
quantity of nitrous gas absorbed by nitric acid is very great. 
Dr. Priestley found that a quantity of acid, equal in ees to 
four pennyweights of water, absorbed 130 ounce measures of 
gas without being saturated.t ‘The component parts of nitrous 
acid, of different colours and densities, has been determined 


by Sir H. Davy, as in the following table: { 


Component Parts, 
100. Parts, OP EN 
Nitricacid.| Water. {Nitrous Gas, 


— 


ae | ee 


Solid nitric acid..| 1°504 61°55 8°45 ner 


Yellow nitrous....|1°502 | 90°5 8:3 2 
Bright yellow....|1°500 | 88°94 | | 8°10 2°96 
Dark orange. ....| 1480 | 86°84: 7°6 5°56 
Light clive ......| 1:479 | 86°00 Tob 6°45 
Dark olive ......|1°478 | 85°4 ES fi 
Bright ‘preeni .....|1°476 | 84°8 74:4 7°76 
Blue green 12.545 1475 | 84°6 7°4: 8°00 
* Davy’s Researches, p. 30. + Priestley, 1. 383. 


t Davy’s Researches, p. 37. 
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The colour of nitric acid depends, in some measure, also 
on the proportion of water which it contains. When to yel- 
low nitric acid concentrated, a fourth part by weight of water 
is added, the colour is changed toa fine green; and when 
equal parts of water are added, it becomes blue.* Dr. Priest- 
ley observed, that water impregnated with this acid in the 
state of vapour became first blue, then green, and lastiy yel- 
low. <A green nitric acid became orange coloured while hot, 
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and retained a yellow tinge when cold. <A hlue acid became © 


yellow on being heated in a tube hermetically sealed. An 
orange coloured acid, by long keeping, became green, and 
afterwards of a deep blue; and when exposed to air, resumed 
its original colour. When yellow nitric acid is exposed to 
heat, the nitrous gas is expelled, and nitric acid remains be- 
hind. The gas, however, carries along with it a quantity of 
acid, especially if the acid be concentrated. But nitrous acid 
vapour is not altered in the least by exposure to heat. 


SECT. III. 
OF CARBONIC ACID. 


As the rapid progress of chemistry, during the latter part 
of the 18th century, was very much connected with the dis- 


History. 


covery of this acid, it may be worth while to trace the history .. 


of it somewhat particularly. 

Paracelsus and Van Helmont were acquainted with the 
fact, that air is extricated from limestone during certain pro- 
cesses, and the latter gave to air thus produced the name of 
gas. Hales ascertained the quantity of air that could be ex- 
tricated from these bodies in different processes, and showed 
that it formed an essential part of their composition. Dr. 
Black proved that the substances then called dime, magnesia, 
and alkalies, are compounds, consisting of a peculiar species 
of air, and pure lime, magnesia, and alkali. . ‘l’o this species 
of air he gave the name of fixed air, because it existed in 
these bodies in a fixed state. This air or gas was afterwards 
investigated by Mr. Cavendish and Dr. Priestley, and a great 
number of its properties ascertained. From these properties 
Mr. Keir { first concluded that it was an acid; and this opi- 


* Bergman. + Fourcroy, ii. 95. t Keir’s Macquer, art. Air. 
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nion was soon confirmed by the experiments of Bergman, 
Fontana, &c. Dr. Priestley at first suspected that this acid 
entered as an element into the composition of atmospherical 
air; and Bergman, adopting the same opinion, gave it the 
name of aerial acid. Mr. Bewdly called it mephitic acid, be- 
cause it could not be respired without occasioning death; and 
this name was also adopted by Morveau. Mr. Keir called it 
calcareous acid ; and at last M. Lavoisier, after discovering its 
composition, gave it the name of carbonic acid gas. 

For the investigation of the properties of carbonic acid we 
are chiefly indebted to the labours of Cavendish,* Priestley, 
Bergman,} and Lavoisier.§ Valuable dissertations on it were 
also published by Macbride,|| Lane,** Jacquin,}+ Landri- 
ani,{{ Fontana, and many other distinguished chemists. And 
within these few years very careful experiments have been 
made to determine its composition by Saussure,§§ Allen and 
Pepys, |||| and Davy.*** 

1. Carbonic acid, being a compound of carbon aa oxygen, 
may be formed by burning charcoal; but as it exists in great 
abundance ready formed, there is no occasion to have recourse 
to that expedient. All that is necessary is to dilute with water 
a quantity of chalk, which is a compound of carbonic acid and 
lime, and to pour upon it sulphuric acid. An effervescence en- 
sues, carbonic acid is evolved in the state of gas, and may be 
received in the usual manner. 

2, Carbonic acid, when in the state of gas, is invisible and 
elastic like common air. It extinguishes a candle, and is unfit 
for respiration. It has no smell. 

Its specific gravity is 1:627, that of air being 1°000; or it is 
to air nearly as 3 to 2. From this conside Bible weight, com- 
pared to that of air, it happens that this gas may be poured 
from one vessel to another. When poured from a wide-mouthed 
vessel upon a burning candle, it extinguishes it like water. 

EL eelache the tincture of turnsol, “but no other vegetable 


“colour.+ tt 
* Phil. Trans. 1766, lvi. 141. + Priestley, 1. 43. 
t Opusc. 1.1. § Mem. Par. 1776. 
|| Experimental Essays, 1764. ** Priestley, 1. 5. 


-++ Examen. Chem. Dict. Meyer, de Acido Pingui, et Blackiane de Aere 
Fixo; 1769. 
4+ Crell’s Annals, 1785, ii. 139. 
§§ Ann. de Chim. Ixxi. 462. {\|| Phil. Trans. 1807. 
#«# Phil. Trans. 1814, p, 557. +++ Bergman, i. 9. 


CARBONIC ACID. 


Atmospheric air is supposed to contain about.-,55 part of 
this gas.* 

3. Carbonic acid is not altered by exposure to heat in close 
vessels, or by passing it through a red-hot tube. But when 
electric sparks are made to pass through it for a long time, its 
bulk is increased, as Dr. Priestley first observed; and in that 
case, as Mongez discovered, an inflammable gas is always 
evolved. By 18 hours labour Mr. Saussure, junior, produced 
an increase of 1, part of the whole; one-tenth of the car- 
bonic acid had disappeared, and a quantity of carbonic oxide 
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had been formed. The copper wires employed to transmit the ~ 


sparks were oxidized at the expense of the acid, which was thus 
partially converted into carbonic oxide.+ 


4. Water absorbs it gradually when allowed to remain long a ctonor 
in contact with it. The rapidity of the absorption, as Mr. wate 


Lane first discovered, is much increased by agitation. At the 
temperature of 41° water absorbs its own bulk of this gas. 
According to the experiments of Mr. Cavendish, 100 mea- 
sures of water of the temperature of 55° absorb 102°5 mea- 
sures of carbonic acid.{ According to Dr. Henry, 100 mea- 
sures of water absorb 108 measures of this gas.6 According 
to Saussure, the quantity absorbed amounts to 106 measures. || 
Alcohol, according to Cavendish, absorbs 21 times its bulk of 
carbonic acid at the temperature of 46°. According to Saus- 
sure, 100 measures of alcohol, of the specific gravity 0°84, ab- 
sorb 186 measures of carbonic acid gas. Probably the differ- 


ence between these two results depends upon the difference of - 


the temperature at which the absorption took place. 

The specific gravity of water, saturated with carbonic acid 
gas, 1s 1°0015. This water, at the temperature of 35°, has little 
taste; butif it be left a few hours in the temperature of 88°, it 
assumes an agreeable acidity, and a sparkling appearance.** 

Ice absorbs no carbonic acid; and if water containing it be 


* Atleast near the surface of the earth. Lamanon, Mongez, and the 
other unfortunate philosophers who accompanied La Perouse in his last voy- 
age, have rendered it not improbable, that at great heights the quantity of 
this gas is much smaller. They could detect none in the atmosphere at the 
summit of the Peak of Teneriffe—See Lamanon’s Memoir at the end of La 
Perouse’s Voyage. 

+ Phil. Mag. xiv. 350. { Phil. Trans. 1766, p. 141. 

§ Nicholson’s Journal, vi. 229. || Annals of Philosophy, vi. 340. 

** Bergman, 1. 9. 
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frozen, the whole separates in the act of freezing.* | This gas 
also separates from water at the boiling temperature.f } 

By means of artificial pressure, the quantity of this gas ab- 
sorbed and condensed in water is much increased. Some of 
the aerated alkaline water, prepared in Britain as a medicine, 
is said to contain about thrice its volume of carbonic acid gas. 

When this liquid carbonic acid is left exposed to the air in 
an open vessel, the acid soon makes its escape in the form of 
gas, and leaves the water in a state of purity. Bergman left 
a bottle filled with carbonic acid gas uncorked, and found that 
in a few days it contained nothing but common air. 

II. None of the simple supporters of combustion, so far as 
is known, have any action on carbonic acid. 

lil. The action of the simple combustibles has been but 
little examined. 

1. It is not improbable that hydrogen would decompose it 
at a red heat; but I do not know that the experiment has ever 
been tried. 

2. Charcoal, at a red heat converts it into carbonic oxide, 
according to the experiments of Clement and Desormes. 

3. Phosphorus is insoluble in carbonic acid gas;§ but phos- 
phorus is capable of decomposing this acid by compound afh- 
nity, when assisted by a sufficient heat, as has been demon- 
strated by ‘Tennant and Pearson. [Iron also and zine, and se- 
veral other metals, are capable of producing the same effect, 
as has been discovered by Priestley and Cruickshanks. In the 
first case the phosphorus is partly acidified, partly combined 
with lime, and charcoal is deposited: in the second, the me- 
tals are oxidized, and the gaseous oxide of carbon evolved. 

When carbonic acid is mixed with sulphuretted, phosphu- 
retted, or carburetted hydrogen gas, it renders them less com- 
bustible, but produces no farther sensible change. 

IV. This acid is capable of combining with alkalies, and 
with several of the earths and metallic oxides, and forms with 
them salts, distinguished by the name of carbonates. All the 
earthy carbonates are insoluble in water. Hence the reason 
that carbonic acid renders lime water, barytes water, and stron- 
tian water turbid. ‘The earth held in solution in these waters 


* Priestley, 1. 120. + Ibid. 

+ A very convenient apparatus for this purpose has been contrived by Mr. 
Gilbert Austin, and described in the Irish Transactions, viii. 1314. 

§ Fourcroy and Vauquelin, Nicholson’s Jour. xxi. 205. 
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combines rapidly with the carbonic acid, which is of course 
absorbed, if in the state of gas, while the carbonate formed 
precipitates slowly in the form of a white powder. This oc- 
casions the milkiness which immediately ensues. As carbonic 
acid is the only gas not instantaneously absorbable by water, 
which renders lime water, or barytes or strontian water, tur- 
bid, its presence may be always ascertained by means of these 
liquids. As it is completely absorbed by them, it may be easily 
separated by them from other gases with which it may be 
mixed, and its quantity ascertained by the diminution of vo- 
lume which the residuum of gas has undergone. 

V. Water containing a little soda, and supersaturated with 
carbonic acid, has been employed with much advantage under 
the name of aerated alkaline water, as a palliative in cases -f 
urinary calculus. 
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VI. The opinions of chemists concerning the composition of Compesi- 


carbonic acid have undergone as many revolutions as its name. 
Dr. Priestley and Bergman seem at first to have considered it 
as an element; and several celebrated chemists maintained 
that it was the acidifying principle. Afterwards it was disco- 
vered to be a compound, and that oxygen gas was one of its 
component parts. Upon this discovery the prevalent opinion 
of chemists was, that it consisted of oxygen and phlogiston ; 
and when hydrogen and phlogiston came (according to Mr. 
Kirwan’s theory) to signify the same thing, it was of course 
maintained that carbonic acid was composed of oxygen and 
hydrogen: and though M. Lavoisier demonstrated, that it 
was formed by the combination of carbon and oxygen, this did 
not prevent the old theory from being maintained; because 
carbon was itself considered as a compound, into which a very 
great quantity of hydrogen entered. But after M. Lavoisier 
had demonstrated, that the weight of the carbonic acid pro- 
duced was precisely equal to the charcoal and oxygen em- 
ployed; after Mr. Cavendish had discovered that oxygen and 
hydrogen when combined did not form carbonic acid, but 
water—it was no longer possible to hesitate that this acid was 
composed of carbon and oxygen. Accordingly all farther dis- 
pute about it has been long at anend. Its constituents as we 
have determined them in a preceding part of this work are 
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If any thing was still wanting to put this conclusion beyond 
the reach of doubt, it was to decompound carbonic acid, and 
thus to exbibit its component parts by analysis as well as syn- 
thesis. ‘This has been actually done by Mr. Smithson Ten- 
nant. Into a tube of glass he introduced a bit of phosphorus 
and some carbonate of lime. He then sealed the tube herme- 
tically, and applied heat. Phosphate of lime was formed, and 
a quantity of charcoal deposited. Now phosphate of lime is 
composed of phosphoric acid and lime; and phosphoric acid 
is composed of phosphorus and oxygen. The substances in- 
troduced into the tube were phosphorus, lime, and carbonic 
acid; and the substances found in it were phosphorus, lime, | 
oxygen, and charcoal. ‘The carbonic acid, therefore, must 
have been decomposed, and it must have consisted of oxygen 
and charcoal. ‘This experiment was repeated by Dr. Pear: 
son, who ascertained that the weight of the oxygen and char- 
coal were together equal to that of the carbonic acid which 
had been introduced: and in order to show that it was the 
carbonic acid which had been decomposed, he introduced pure 
lime and phosphorus; and instead of obtaining phosphate of 
lime and carbon, he got nothing but phosphuret of lime. These 
experiments* were also confirmed by Messrs. Fourcroy, Vau- 
quelin, Sylvestre, and Broigniart.+ 


SECT. IV. 
OF BORACIC ACID. 


1. Tue easiest method of procuring boracic acid is the fol- 
lowing one: dissolve borax in hot water, and filter the solu- 
tion; then add sulphuric acid, by little and little, till the liquid 
has a sensibly acid taste. Lay it aside to cool, and a great 
number of small shining laminated crystals will form. ‘These 
are the boracic acid. They are to be washed with cold water, 
and drained upon brown paper. | 


* Ann. de.Chim. xili. 312. 

+ Count Mussin-Puschkin having boiled a solution of carbonate of potash 
on purified phosphorus, obtained charcoal. This he considered as an instance 
of the decomposition of carbonic acid, and as a confirmation of the expe- 
riments related in the text. See Ann. de Chim. xxv. 105. 

{ To extract the whole of the boracic acid, the solutien should be eva- 
porated after the first crop of crystals are obtained. When concentrated and 
set aside, an additional quantity of boracic acid falls down. 
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2. Boracic acid, thns procured, is in the form of thin hex- sunaivie, 1. 
agonal scales, of a silvery,whiteness, having some resemblance vonighess 
to spermaceti, and the same kind of greasy feel. It has a sotr- Properties. 
ish taste* at first, then makes a bitterish cooling impression, 
and at last leaves an agreeable sweetness. It has no smell; 
but when sulphuric acid is poured on it, a transient odour of 
musk ‘is produced.t 
It reddens vegetable blues. Its specific gravity is 1°479+ while 
in the form of scales; after it has been fused it is 1803.8 
3. It isnot altered by light. It is perfectly fixed in the fire. 
At ared heat it melts, and is converted into a hard transparent 
glass; which becomes somewhat opaque when exposed to the 
air, but does not attract moisture. | | 
Boracic acid in its common crystallized state is a hydrate, 
which according to the experiments of Sir H. Davy is com- 
posed of 57 acid + 43 water.|| Berzelius extracted from 100 
“parts of the acid, 44 parts of water. If we consider this last 
analysis as accurate, and I prefer it because it nearly coincides 
with my own experiments, and if we suppose iarther that it is 
a compound of 1 atom of acid and two atoms of water, the 
weight of an atom of boracic acid will be 2°863. Were we 
to consider the weight of an atom of boracic acid to be 2°875, 
and to regard the scales as composed of 1 atom acid and 2 
atoms water, their real constitution would be 
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100°0 


Now I have not been able to satisfy myself that this is not 
the real constitution of the hydrate. The most careful expe- 
riments have not deviated above th part from the theo- 
retical numbers. Hence I consider myself as entitled to con- 
sider the weight of an atom of boracie*acid to be 2°875, and to 


be a compound of 
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* Owing most probably to the remains of the acid employed in procuring 
it; for it loses that taste when heated to redness. 
+ Reuss, de Sale Sedat. 1778. { Kirwan’s Min, 1. 4. 
§ Hassenfratz, Ann. de Chim. xxvii. 11. 
|| Elements of Chemical Philosophy, p. 218. 
HZ 
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Bok, It is very sparingly soluble in water. Boiling water scarcely 
Vivision dissolves 0°02 of boracic acid, and cold water a still smaller 
quantity. When this solution is distilled in close vessels, part 
of the acid evaporates along with the water, and crystallizes in 
the receiver. Water, therefore, renders it in some measure 
volatile, though it is perfectly fixed when in a state of dryness. 

It is soluble in alcohol; and alcohol containing it burns with 
a green flame. Paper dipped into a solution of boracic acid 
burns with a green flame. 

With the assistance of a distilling heat, it dissolves in oils, 
especially in mineral oils; and with these it vields fluid and 
solid products, which give a green colour to spirit of wine. 

II. None of the simple supporters of combustion has any 
action on boracic acid so far as is known. 

III. Of the simple combustibles potassium and sodium alone 
are capable of decomposing it, as far as the experiment has 
hitherto been made. 

Hydrogen gas produces no effect upon it whatever, though 
mixed with fine powder of charcoal; it is nevertheless capable 
of vitrification; and with soot it melts into a black bitumen- 
like mass, which is, however, soluble in water, and cannot be 
easily calcined to ashes, but sublimes in part.* 

When boracic acid is rubbed with phosphorus, it does not 
prevent its inflammation; but an earthy yellow matter is left 
behind.+ 

It is hardly capable of oxidizing or dissolving any of the 
metals except iron and zinc, and perbaps copper. 

Boracic acid combines with alkalies, alkaline earths, and alu- 
mina, and most of the metallic oxides, and forms compounds 
which are called lorates. 


, SECT. V. 
OF SILICA. 


Tus substance was long arranged among the earths proper, 
though it was very different from these bodies in its proper- 
ties; being incapable of uniting with acids; but occurring in 
great abundance united to alkaline bodies and earths. Mr. 
Smithson first suggested that it possessed the characters of an 
acid, and this opinion has been very ingeniously confirmed by 


* Keir’s Dictionary. + Thid, 
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Berzelius. It might therefore be distinguished by the name 
of silicic acid, which would be more systematic than the term 
silica, which was applied to it when it was considered as an 
earth. I shall not attempt, however, to make use of the new 
name here; though I have no doubt that it will gradually come 
into general use. 

1. Silica may be obtained pure by the following process: 
Mix together, in a crucible, 1 part of pounded flint or quartz, 
and $ parts of potash, and apply a heat sufficient to melt the 
mixture completely. Dissolve the mass formed in water, satu- 
rate the potash with muriatic acid, and evaporate to dryness. 
Towards the end of the evaporation the liquid assumes the 
form of a jelly: and when all the moisture is evaporated, a 
white mass remains behind. ‘This mass is to be washed in a 
large quantity of water, and dried; it is then silica in a state 
of purity. 

2. Silica, thus obtained, is a fine white powder, without either 
taste or smell. Its particles have a harsh feel, as if they con- 
sisted of very minute grains of sand. Its specific gravity is 2°66.* 

It may be subjected to a very violent heat without undergoing 
any change. Lavoisier and Morveau exposed it to the action 
of a fire maintained by oxygen gas without any alteration.t 
Saussure indeed has succeeded in fusing, by means of the blow- 
pipe, a portion of it so extremely minute as scarcely to be per- 
ceptible without a glass. According to the calculation of this 
philosopher, the temperature necessary for producing this effect 
is equal to 4043° Wedgewood. 
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3. It is insoluble in water except when newly precipitated, Action of 
and then 1 part of it is soluble in 1000 parts of water.t It "** 


has no effect on vegetable colours. 

It is capable of absorbing about one fourth of its weight of 
water, without letting any drop from it; but on exposure to 
the air, the water evaporates very readily.§ When precipitated 
from potash by means of muriatic acid and slow evaporation, 
it retains a considerable portion of water, and forms with it a 
transparent jelly; but the moisture gradually evaporates on 
exposure to the air. 

I find that when gelatinous silica is dried in a temperature 
of 112°, it still continues very nearly a hydrate composed of 1 
atom silica, and 2 atoms water. For 67:8 grains of it dried 


* Kirwan’s Min. i. 10. + Jour. de Il’Ecoie Polytech. |. iti, 299. 
t Kirwan’s Min, i. 10. § Ibid. 
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in this temperature on exposure to a strong red heat lose 34°2 
grains of water. Hence the hydrate was composed of 
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67°38 
If we consider the weight of an integrant particle of silica to 
be 2, then the hydrate, considering it a compound of 1 atom 
silica, and 2 atoms water, would consist of 
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67°8 
Now this differs from the experimental result but little. Pro- 
bably had the silica been merely dried in the open air, without 
any artificial heat, it would have been an exact compound of 
1 atom silica and 2 atoms water. : 

Silica may be formed into a paste with a small quantity of 
water; this paste has not the smallest ductility, and when dried 
forms a loose, friable, and incoherent mass.* 

Silica is capable of assuming a crystalline form. Crystals of 
it are found in many parts of the world. ‘They are known by 
the name of rock crystal, When pure they are transparent 
and colourless like glass: they assume various forms; the pri- 
mitive form is a rhomboid differing but little from a cube ; but 
the most usual is a hexagonal prism, surmounted with hexa- 
gonal pyramids on one or both ends, the angles of the prism 
corresponding with those of the pyramids. ‘Their hardness is 
very great, amounting toll. Their specific gravity is 2:653.+ 

There are two methods of imitating these crystals by art. 
The first method was discovered by Bergman. He dissolved 
silica in fluoric acid, and allowed the solution to remain undis- 
turbed for two years. A number of crystals were then found 
at the bottom of the vessel, mostly of irregular figures, but 
some of them cubes with their angles truncated. ‘They were 
hard, but not to be compared in this respect with rock crystal.t 

The other method was discovered by accident. Professor 
Seigling of Erfurt had prepared a liquor silicum, which was 
more than usually diluted with water, and contained a super- 
abundance of alkali. It lay undisturbed for eight years in a 
glass vessel, the mouth of which was only covered with paper. 


# Scheele. + Kirwan’s Min, i. 242. } Bergman, ii. $2. 


SILICA, 108 


Happening to look to it by accident, he observed if to contain subdivis. 1. 
a number of crystals; on which he sent it to Mr. Trommsdorf, ‘ing el 
Professor of Chemistry at Erfurt, who examined it. The liquor 
remaining amounted to about two ounces. Its surface was co- 
vered by a transparent crust, so strong that the vessel might 
be inverted without spilling any of the liquid. At the bottom 
of the vessel were a number of crystals, which proved on exa~ 
mination to be sulphate of potash and carbonate of potash.* 
The crust on the top consisted partly of carbonate of potash, 
partly of crystallized silica. ‘These last crystals had assumed 
the form of tetrahedral pyramids in groupes; they were per- 
fectly transparent, and so hard that they struck fire with steel.+ 

Il. None of the simple supporters, so far as is known, are 
capable of acting upon silica. 

Il{. It is probable that potassium and sodium are capable of 
decomposing silica when assisted by heat; but none of the 
other simple combustibles produce any effect upon it whatever. 

IV. Silica dissolves readily in fixed alkaline leys, and when union with 
the alkali is saturated with an acid and the solution is eva~ *** 
porated, the silica separates in the form of a jelly. When 
this jelly is dried, it becomes a white powder. When this 
white powder is mixed with pure fluoric acid, it disappears, and 
the acid is immediately converted into a gas. But none of the 
other acids are capable of dissolving silica. It may indeed be 
fused into a glass with phosphoric or boracic acid. 

When the potash exceeds the silica considerably, the com- 
pound is solubJe in water, and constitutes what was formerly 
called deguor sihicum, and now sometimes silicated potash or soda. 
When the silica exceeds, the compound is transparent and co- 
lourless like rock crystal, and is neither acted on by water, air, 
nor (excepting one) by acids. ‘This is the substance so well 
known under the name of glass. 

Silica is not acted on by ammonia, whether in the gaseous or 
liquid state. , 

There is a strong affinity between barytes and silica. When wry. 
barytes water is poured into a solution of silica in potash, a Dt 
precipitate appears, which may be considered as the two earths 
in a state of combmation.{ Barytes and silica may be com- 
bined by means of heat. The compound is of a greenish co- 


* Potash combined with sulphuric acid and carbonie acid, 
+ Nicholson’s Journal, i, 217. 
} Morveau, Ann, de Chim, xxxi, 240. 
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lour, and coheres but imperfectly.* The effect of heat on va- 
rious mixtures of barytes and silica will appear from the fol- 
lowing experiments of Mr. Kirwan.t 


Proportions. Heat. Effect. 

He Bate } 150° Wedg. A white brittle mass. 

75 Silica } 150 A brittle hard mass, semi- 

25 Barytes transparent at the edges. 

66 Silica Melted into a hard, some= 

33 Barvt } 150 { what porous porcelain 

‘bi mass. 

os ar } 148 A hard mass not melted. 
The edges were melted 

20 Silica 148 into a pale greenish mat- 

80 Barytes ter between a porcelain 


and enamel. 
25 Silica Melted into a somewhat 
75 Barytes } ipo porous porcelain mass. 
{ond into a yellowish 


33 Silica 150 


66 Barytes and partly greenish white 


porous porcelain. 


When the barytes is two or three times the quantity of the 
silica, the fused mass is soluble in acids. 

Strontian and silica combine with each other nearly in the 
same manner. 

There is also an affinity between silica and lime. When lime 
water is poured into a solution of silica in potash, a precipitate 
appears, as Stucke discovered. ‘This precipitate is a compound 
of silica and lime.t ‘These two earths may be combined also 
by means of heat. They form a glass, provided the quantity 
of lime be not inferior to that of silica. The effect of heat 
upon these earths, mixed in various proportions, will appear 
from the following experiments of Mr. Kirwan.§ 

Proportious, Heat, Effect. 

Melted into a mass of a white 
a oe ee at 
0 Lime the edges, and striking fire 
: Silica f 150° Wedg, dieion eshlt, bet ce 
it was somewhat between 

l porcelain and enamel. 


* Vauquelin, Ann. de Chim. xxix. 271. + Kirwan’s Miner. i. 57, 
+ Gadolin, Ann, de Chim, xxii, 110.—Morveau, ibid, xxxi. 250. 
§ Kirwan’s Min, 1. 56, 
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Proportions. Heat. Effect. 
80 Lime 20 A yellowish white loose Svbdivis. 1. 
20 Silica } 156° Wedg. { powder. | Sinica 
20 Lime : 156 Not melted, formed a brittle 
80 Silica mass, 


Equal parts of magnesia and silica melt with great difficulty magnesia, 
into a white enamel when exposed to the most violent heat 
which can be produced.* ‘They are infusible in inferior heats 
in whatever proportion they are mixed.+} 

There is a strong affinity between alumina and silica. When 4»d ata 
equal portions of silicated and aluminated potash are mixed” 
together, a brown zone immediately appears, which may be 
made, by agitation, to pass through the whole liquid. After 
standing about an hour, the mixture assumes the consistence 
of jelly.t When formed into a paste with water, and dried, 
they cohere, and contract a considerable degree of hardness. 
When baked in the temperature of 160° Wedgewood, they 
become very hard, but do not fuse.6 Achard found them in- 
fusible in all proportions in a heat probably little inferior to 
150° Wedgewood. But when exposed to a very strong heat, 
they are converted into a kind of opaque glass, or rather ena-~ 
mel. Porcelain, stoneware, brick, tiles, and other similar sub- 
stances, are composed chiefly of this compound. Mixtures of 
silica and alumina in various proportions constitute clays ; but 
these are seldom uncontaminated with some other ingredients. 

It follows from the experiments of Achard, that equal parts 
of lime, magnesia, and silica, may be melted into a greenish 
coloured glass, hard enough to strike fire with steel; that when 
the magnesia exceeds either of the other two, the mixture will 
not melt; that when the silica exceeds, the mixture seldom 
melts, only indeed with him in the following proportions; three 
silica, two lime, one magnesia, which formed a porcelain : and 
that when the lime exceeds, the mixture is generally fusible.|| 

A mixture of silica and alumina may also be combined with 
barytes or strontian by means of heat. ‘The mixture melts 
readily into a greenish coloured porcelain.** 

From the experiments of Achard and Kirwan, we learn, 
that in mixtures of lime, silica, and alumina, when the lime 


* Lavoisier, Mem. Par. 1787, p. 598. 

+ Achard, Mem. Berl. 1780, p. 33. 

t Morveau, Ann. de Chim. xxxi. 249. § Kirwan’s Min. i, 38. 
\j Mem. Berl, 1780, p.33, and Jour. de Phys. xxiv., 

** Kirwan, 
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exceeds, the mixture is generally fusible either into a glass or 


i porcelain, according to the preportions. ‘The only infusible 


Weight of 
an atom of 
silica, 


proportions were, 
213 Lime 
1} 1 Silica 
_2 | 2 Alumina. 


That if the silica exceeds, the mixture is frequently fusible into 
an enamel or porcelain, and perhaps a glass; and that when 
the alumina exceeds, a porcelain may often be attained, but 
not a glass.* 

As to mixtures of magnesia, silica, and alumina, when the 
magnesia exceeds, no fusion takes place at 150°. When the 
silica exceeds, a porcelain may often be attained ; and 3 parts 
silica, 2 magnesia, and 1 alumina form a glass. When the 
alumina exceeds, nothing more than a porcelain can be pro- 
duced.+ 

Achard found that equal parts of lime, magnesia, silica, and 
alumina, melted into a glass. They fused also in various other 
proportions, especially when the silica predominated. 

_ There can be little doubt that in these cases there is a che- 
mical combination formed between the silica and the earth, in 
which the former acts the part of an acid and the latter that 
of an alkaline body. But it is not easy to determine the pro- 
portions in which these bodies saturate each other, as there 
are no phenomena which indicate the point of saturation. Per- 
haps the safest method will be to have recourse to compounds 
ready formed by nature, which from their crystallized state 
may be considered as neutral silicates. I shall select two ex- 
amples, which will be sufficient to show that the number 2 
fixed upon formerly for the weight of an atom of silica was 
not taken up at random. | 

There is a mineral called sommite or nepheline, usually found 
in volcanic productions crystallized in regular six sided prisms. 
Its constituents, according to Vauquelin, are 49 alumina + 46 
silica. Now 49 : 46 :: 2125: 1:994. So that if it be a 
compound of 1 atom silica + 1 atom alumina, an atom of si- 
lica will weigh 1:994. There is another mineral called schal- 
stone or tablespar, which has been hitherto found only in the 
Bannat of Tameswar, it is foliated and translucent; and ac- 
cording to Klaproth’s analysis is composed of 50 silica + 45. 
line. Now 45 : 50 :: 3°625 : 4°03. So that if schalstone. 


* Kirwan’s Min. i. 73. ¢ Ibid. 72. 
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be a bisilicate of lime, or a compound of @ atoms silica and 1 Sxbdivic. 1. 
° . “4° ° _.- Chap. ti 
atom lime, then the weight of an atom of silica will be 2°015. : 
Now the mean of 1°994 and 2°015 is 2°0045. So that these 
two minerals give us 2 as the weight of an atom of silica. 


SECT. VI. 
OF PHOSPHORIC ACID. 


Tur most economical way of preparing phosphoric acid is prepara 
to allow the phosphorus to run slowly into an acid liquor by “™ 
spontaneous combustion in the atmosphere. The liquor thus 
obtained must be mixed with nitric acid, and after being di- 
gested for some time it must be evaporated to dryness in order 
to get rid of the excess of nitric acid which it contains. The 
dry residue is phosphoric acid combined with a portion of 
water in a state of hydrate. 

Phosphoric acid thus obtained has the aspect of glass. properties. 
Sometimes it is quite transparent; but most usually is toa 
certain degree milky. It reddens vegetable blues; it has no 
smell, its taste is very acid, but it does not destroy the texture 
of organic bodies. 

When exposed to the open air, it soon attracts moisture, 
and deliquesces into a thick oily-like liquid; in which state it 
is usually kept by chemists. When exposed to fire m a plati- 
num crucible, its water gradually evaporates, and leaves it in 
the state of a transparent jelly. If the heat be increased it 
boils and bubbles up, owing to the separation of the remainder 
of its water, accompanied with a small portion of acid. Ata 
red heat it assumes the form of a transparent liquid, and when 
cooled resembles the purest crystal. In this state it is known 
by the name of phosphoric glass. This glass is merely phos- 
phoric acid deprived of a portion of its water. It has an acid 
taste, is soluble in water, and deliquesces when exposed to the 
ar. Ata red heat it evaporates in a white smoke, unless the 
evaporation be prevented by the presence of a base. 

The specific gravity of this acid, in a state of dryness, is 
2°687;* in the state of glass, 2°8516;} in the state of deli- 
quescence, 1°417.4 


* Bergman’s Sciographia, p. 20. Eng. Trans. 
+ Hassentratz, Ann. de Chim. xxviii. 11. 
} Encyc. Method, Chim. 1. 221. 
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3. This acid is very soluble in water. When in the state of 
white flakes, it dissolves with a hissing noise, similar to that 
made by red-hot iron plunged into water. When in the state 
of glass, it dissolves much more slowly. The heat evolved 
during the combination of this acid and water is much inferior 
to that evolved when sulphuric acid enters into a similar combi- 
nation. Phosphoric acid obtained by deliquescence, when 
mixed with an equal quantity of distilled water, acquired so 
little heat as to raise the thermometer only one degree, as Mr. 
Sage observed. M. Lavoisier raised the thermometer from 
50° to 63° by mixing phosphoric acid, boiled to the consis- 
tence of a syrup, with an equal quantity of water; and from 
50° to 104° when the acid was as thick as turpentine.* 

II. The simple supporters of combustion have no action on 
this acid, so far as is known. 

III. Of the simple acidifiable combustibles, the effect of hy- 
drogen has not been tried. From theory it ought to de- 
compose the acid, and produce phosphuretted hydrogen and 
water. Charcoal decomposes phosphoric acid. The effect of 
boron and silicon has not been tried. Probably phosphorus, 
sulphur, arsenic, and tellurium, have no sensible action. 

Potassium and sodium decompose this acid with facility; 
and a few of the other metals have been ascertained to produce 
similar effects. This acid, when in a liquid state, is capable of 
oxidizing some of the metals, especially when assisted by heat ; 
at the same time hydrogen gas is emitted. Hence we see that 
the oxidizement is owing to the decomposition of water. In 
this manner it oxidizes iron, tin, lead, zinc, antimony, bis- 
muth, manganese; but on some of these it acts very slowly. 
When fused with several of these metals, as tin, iron, and 
zinc, it is converted into phosphorus; a proof that they have 
a stronger affinity for oxygen. 

It does not act upon gold, platinum, silver, copper, mer- 
cury, arsenic, cobalt, nickel. It appears, however, to have — 
some action on gold in the dry way, as it is called; for when 
fused with gold-leaf it assumes a purple colour: a proof that 
the gold has been oxidized. 

IV. From the facts stated in a former part of this work, 
there seems no reason to doubt that this acid is a compound 
of 1 atom phosphorus + 2 atoms oxygen, or of 


* Keir’s Dictionary. 


PHOSPHOROUS ACID. 


Phosphorisatieisnis..« Uter tiscageyt00 
Os Gen vengs 25s» srw DUBS aiancleeale 1334 


Hence the weight of an integrant particle of it must be 3°5. 
This does not agree with the analysis of the phosphates 
hitherto made by Berzelius. From his experiments it follows 
that the equivalent number for phosphoric acid is 4°5. But 
as this number does not tally with his own experimental de- 
termination of the composition of phosphoric acid, we cannot 
hesitate to conclude that he has fallen into some mistake in 
his analysis of the phosphates. 


SECT. VII. 


OF PHOSPHOROUS ACID. 


Tuts acid was first examined in a state of purity by Sir H. 
Davy. It may be obtained by the following process. Sub- 
lime phosphorus through corrosive sublimate in powder in a 
glass tube. A colourless liquid comes over, which must be 
mixed with water and evaporated to the consistence of a 
syrup. In this state it is a combination of phosphorous acid 
and water. On cooling it becomes solid, has an acid taste, 
reddens vegetable blues, and possesses all the characters of a 
strong acid. When heated strongly in open vessels it catches 
fire, emitting abundance of phosphuretted hydrogen gas; the 
residue is phosphoric acid. Sir H. Davy ascertained that ten 
parts of it when heated in close vessels left 8°5 parts of phos- 
phoric acid, and gave off 1-5 parts of bihydroguret of phos- 
phorus.* According to this experiment the hydrate of phos- 
phorous acid is a compound of 


Phosphorous acid ...... S074 4 oa, LOO 
Wate se. 0:s eee re tine Lo Ot stems are” 


This approaches most nearly to a compound of three atoms 
phosphorous acid and two atoms water. This would give us 
its composition as follows: 


Phosphorous acid ...... 100 
Mater sos 25 2 on are 2. 21°47 


Probably its real composition is 1 atom acid + 1 atom water, 
which would give us 


* Phil. Trans. 1812, p. 408. 
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II. No experiments have been hitherto published respect- 
ing the action of the simple supporters and combustibles on 
this acid. 

Ill. A careful analysis of what takes place when chloride 
of phosphorus is converted into phosphorous and muriatic 
acids is sufficient to demonstrate that phosphorous acid is a 
compound of 1 atom phosphorus + 1 atom oxygen, or of 


Phosphorus .usieisi Bisa LOO 
Oxyeem silaisv me Oe re wa ce 


Dulong has made a set of experiments on the acid formed 
by the slow combustion of phosphorus, which used to be con- 
sidered as phosphorous acid. He has found it always a com- 
pound of exactly the same proportions of phosphoric and 
phosphorous acid. Hence he considers it as a compound of 


the two in a state of chemical union. On that account he has 


distinguished it by the name of phosphatic acid. But neither 
his analysis, nor that of Thenard, seem entitled to much con- 
fidence.* 


ON HYPOPHOSPHOROUS. ACID, 


Tuts acid has been recently discovered by M. Dulong, 
and has been but imperfectly examined. It is probable that 
the snow-white matter which sublimes when phosphorus is 
exposed to heat in a narrow glass tube, and which burns 
spontaneously when it comes in contact with the atmosphere, 
is this acid. It has a sour taste, and dissolves with facility in 
hot water. But the method taken by Dulong to procure it 
was the following: 

Phosphuret of barytes is allowed to remain in water till it has 
given out all the phosphuretted hydrogen gas which it is capa- 
ble of forming. ‘The liquid is then filtered to separate the 
insoluble phosphates. It holds, in solution, a combination of 
hypophosphorous acid and barytes. Let the barytes be sepa- 
rated by the cautious addition of sulphuric acid, and the pre- 


* Thenard found it a compound of 100 phosphorus + 110°4 oxygen; 
Dulong of 100 phosphorus + 1069 oxygen. 


ee! 
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cipitate removed by filtration. The liquid ‘now contains i aman 
nothing but a solution of hypophosphorous acid in water.* cpus 
When sufficiently concentrated by evaporation, this acid 

assumes the form of a viscid liquid, which has a very sour 
taste, reddens vegetable blues, and does not crystallize. When 
the heat is raised higher the acid is decomposed, phosphuret- 
ted hydrogen is emitted, a little phosphorus sublimes, and 
phosphoric acid remains behind. It absorbs oxygen from the 
atmosphere, and even from other bodies, with considerable 
energy. Dulong attempted to analyze this acid by converting 
a given quantity of it into phosphoric acid by means of chlo- 
rine. He concluded, from his experiments, that it is a com- 
pound of 

Phosphorus ....... 100 

ORVGENi. ca kwaicaa OBT44 


But his analysis is not of a nature to inspire much confi- 
dence in its accuracy. 

Were we to consider it as a compound of 2 atoms phospho- composi- 
rus + 1 atom oxygen, it would consist of = 


Beas Orns. ti. ia Gor 100 
ORG BOI a a wiatennig td sam Sap ayy be 


Numbers which-approach tolerably near the result of the ana- 
lysis of Dulong. But it has not been ascertained that hydro- 
gen does not enter as a constituent into the composition of 
this acid. 

Il. The action of the supporters and the combustible upon 
this acid still continues unknown. 

Ill. The salts which it forms, by uniting with the salifiable wypophos- 
bases, are called hypophosphites. They possess the remarkable "**** 
property of being all very soluble in water. In this respect 
they agree with the nitrates and acetates, which possess the 
same property. The phosphites and phosphates, on the other 
hand, are many of them insoluble. 


SECT: EX: 


OF SULPHURIC ACID. 


THERE are two ways of obtaining this acid. The first, prepara- 
which has been long employed at Nordhausen in Germany, “™ 


* Ann, de Chim. et de Phys. ii. 141. 
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furnishes a black-coloured fuming acid, of a considerably 
greater specific gravity than the sulphuric acid which is manu- 
factured in this country. The method employed at Nord- 
hausen is to distil green vitriol previously deprived of its 
water of crystallization. The sulphuric acid is disengaged 
from the oxide of iron by the heat, and it owes its fuming 
qualities, and greater specific gravity, to the small quantity of 
water with which it is united. 

The method of manufacturing sulphuric acid in this coun- 
try is to burn a mixture of 1 part of nitre and about 7 parts 
of sulphur in large chambers lined with lead, and having their 
bottoms covered with water. By this combustion the sulphur 
is converted into sulphurous acid gas, while the nitre, at the 
same time, emits a quantity of nitrous gas, which, uniting 
with the oxygen of the atmosphere, is immediately converted 
into nitrous acid. The nitrous and sulphurous acids unite, 
and lose in consequence their gaseous form. But the moment, 
they come in contact with the water in the bottom of the 
chamber, their union is dissolved. ‘The sulphurous acid is 
converted into sulphuric acid at the expense of the nitrous 
acid, which being deprived of the oxygen which it had taken 
from the ieee makes its escape again in the form of 
nitrous gas. It is again converted into nitrous acid, again 
combines with sulphurous acid, and is again disengaged when 
it comes in contact with the water. ‘These successive combi- 
nations and decompositions go on till the whole of the sul- 
phurous acid is converted into sulphuric acid.* When the 
water at the bottom of the chamber has imbibed a certain 
quantity of sulphuric acid it is concentrated, by evaporation, 
in leaden vessels. When it has become so strong as to be able 
to act upon leaden vessels at a boiling heat, it is put into glass 
retorts, and the concentration continued till the specific gra- 
vity of the acid is about 1°85 or 1°84. In this state it occurs 
in commerce. 

It is to Dr. Roebuck that we are tgdereal for the first in- 
troduction of the method of preparing sulphuric acid in leaden 
chambers. It immediately reduced the price of sulphuric 
acid in Great Britain to one fourth of its former price. It was 


** For this very ingenious and satisfactory explanation we are indebted to 
Clement and Desormes, and to Sir H. Davy, who completed it. See Ann. 
de Chim. lix. 329. See likewise Dalton’s New System of Chemical Philo- 
sophy, 11. 396; and Dayy’s Elements, p. 277. 
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introduced, in consequence, into the art of bleaching, as a 
substitute for sour milk; and was the first great improvement 
which that art received from modern chemistry. ‘The sulphu- 
ric acid of commerce always contains a minute quantity of sul- 
phate of lead and sulphate of potash derived from the leaden 
chamber, and the nitre used in its preparation. But it is 
easily freed from these impurities by distillation over the naked 
fire in a glass retort. ) ) 

When the fuming acid of Nordhausen is put into a glass 
retort, and distilled by a moderate heat (the receiver being 
surrounded with ice), the fuming portion comes over first, and 
may be obtained in a separate state by stopping the distillation 
in time. Thus obtained, it constitutes sulphuric acid in a state 


- of absolute purity. 
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1. In this state it is solid, and appears as if it were com- Properties. 


posed of silky filaments. It is tough and difficult to cut, and 
bears considerable resemblance to the mineral called asbestos. 
When exposed to the air, it fumes strongly, and gradually 
flies off in vapour. It may be held for some time between the 
fingers without any sensible action on the skin; but, after a 


certain time, a sensation of pain is perceived in the interior of 


the fingers. It remains solid at a temperature at least as high 
as 66°; but when the heat is increased, it assumes the form of 
a colourless vapour, which becomes white when it comes in 
contact with moist air. 

2. It has not been possible to determine the specific gravity 
of this solid acid, because it acts upon every liquid with which 
it comes in contact. The specific gravity of the vapour has 
not been determined. But it must be a compound of 100 
volumes of sulphurous acid gas and 50 volumes of oxygen gas 
reduced into 100 volumes. Hence its specific gravity ought 
to be 2°777, that of common air being considered as 1 

3. When dropped: into water, it combines with that liquid 
so violently as to make a noise similar to that made by a red- 
hot bar of iron when dipped into water. When the quantity 
of acid is considerable, a kind of explosion takes place, owing 


‘to the suddenness with which a great deal of heat is evolved ; 


but nothing is extricated except water in the state of vapour. 
When united with about one-fifth part of its weight of water, 
it is converted into the common concentrated sulphuric acid 
of commerce, which is a hydrate of sulphuric acid. 

4. Irom the experiments of Vogel, it appears that absolute 


sulphuric acid is capable of dissolving sulphur, and of assum~- 
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ing a blue, green, or brown colour, according to the propor- 
tion of sulphur held in solution. Phosphorus decomposes it, 
and absorbs its oxygen with such impetuosity as to take fire.* 

5. The specific gravity of the fuming sulphuric acid of Nord- 
hausen is 1°896. It is, I conceive, a compound of 2 atoms 
acid with 1 atom water, or of 


Sulphuric acid.... 10 fei han 
WY SHEE iene +. miey lL AP e seen s se sates 


When heated, one of the atoms of sulphuric acid makes its 
escape. The remainder continues united to the atom of water 
constituting the common hydrate, or the most concentrated 
acid that can be obtained by the combustion of sulphur and 
nitre. 

6. The concentrated acid of this country is a transparent 
liquid, like water, and having somewhat of an oily consistency. 
Hence the old name of oi! of vitriol, by which it was distin- 
guished. Its taste is intensely acid. It reddens vegetable 
blues, and speedily chars those animal and vegetable substan- 
ces to which it is applied, especially if its action be assisted by 
heat. 

7. Its specific gravity, and its boiling point vary according 
to the proportion of water which it contains. ‘The following 
very valuable table, drawn up by Mr. Dalton, from his own 
experiments, exhibits a satisfactory view of both of these va- 
riations.t 


Atoms. Acid per cent.| Acid per cent.| Specific gra- Boiling 
Acid. Water.! by weight by measure. vity. point. 
‘ee ate 81 150 L850 45 620, 

80 148 1°S49 605 

ef) 146 1°848 590 

78 14:4: 1°847 Eves 

fe 142 1°845 560 

76 140 1°842 545 

a8 138 1°838 530 

74: 13: 1°833 515 

ve 133 LPo2d 501 

we Lot 1-819 4.87 

71 Lies ae es He) 4°73 


* Vogel. Schweigger’s Journal, iv. 121. 
{t New System of Chemical Philosophy, ii. 404. 
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Atoms. Acid per Any Acid per cent.) Specific gra- Boiling 
Acid. Water.| by weight. by measure. vity. point. 
1 evel 70 126 1°801 460 
69 124 1°791 AT 

Li? 65 121 1°780 435 
67 118 1°769 422 

66 116 i aM 410 

65 113 1°74:4 400 

64 js | 1°730 ool 

63 108 1°715 382 

62 105 1°699 374s 

61 103 1°684 367 

60 100 1°670_ 360 

bn, a 58°6 97 1°650 350 
50 76 1520 |. 200 

40 56 1°408 260 

1 ae 30 oo 30s 240 
Soe Bi. 20 24 1°200 224 
1 + 38 10 1l 12024 218 


Various statements are to be met with in books of the spe- 
cific gravity of the sulphuric acid of this country which is a 
compound of ] atom acid + 1 atom water. From my own 
experiments, I conclude that when quite pure its specific gra- 
vity is 18447. In commerce it often occurs as high as 1°85 
or 1°86. But such acid is always contaminated with some salt 
or other; most commonly with sulphate of lead. 
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8. When exposed to a sufficient degree of cold, it crystal- Congela. 


lizes or freezes; and after this has once taken place, it freezes 
again by the application of a much inferior cold.* Morveau 
froze it at — 4°; it assumed the appearance of frozen snow. 
After the process began, it went on in a cold not nearly so in- 
tense. The acid melted slowly at 27°5°; but it froze again at 
the same temperature, and took five days to melt in the tem- 
perature of 43°.¢ Chaptal, who manufactured this acid, once 
observed a large glass vessel full of it crystallized at the tem- 
perature of 48°. These crystals were in groups, and consisted 
of flat hexahedral prisms, terminated by a six-sided pyramid. 


* The freezing point was ascertained by the Duc d’Ayen in 1776, See 
Macquer’s Dictionary. 


+ Encycl, Method. Chim. i. 376. 
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Book U. They felt hotter than the surrounding bodies, and melted on 
Heese. fa being handled.* Chaptal has Sheeived, that sulphuric acid, 


Action of 
water. 


’ OF combus< 


tibles. 


Of metals, 


in order to crystallize, must not be too concentrated. This 


observation has been extended a good deal further by Mr. 
Kier, He found that sulphuric acid, of the specific gravity of 
1°780, froze at 45°; but if it was either much more or much 
less concentrated, it required a much greater cold for conge- 
lation.t When as concentrated as possible, I find that it may 
be cooled down in thermometer tubes to the temperature of 
— 36° before it congeals.{ 

9. Sulphuric acid has a very strong attraction for water. 
Neuman found, that when exposed to the atmosphere it at- 
tracted 6°25 times its own weight. Mr. Gould found, that 180 
grains of acid, when exposed to the atmosphere, attracted 68 
grains of water the first day, 58 the second, 39 the third, 23 the 
fourth, 18 the fifth, and at last only. 5, 4, 3, 4, 3, &c. The 
28th day the augmentation was only half a grain.§ The afh- 
nity, therefore, between sulphuric acid and water, as is the 
case in general with other substances, becomes weaker the 
nearer it approaches to saturation. 

II. None of the simple supporters, so far as we know, are 
capable of acting on sulphuric acid. 

III. Many of the simple combustibles decompose it when 
assisted by heat. 

1. When hydrogen gas and sulphuric acid are made to pass 
together through a red-hot tube of porcelain, the acid is com- 
pletely decomposed, water is formed, and sulphur deposited. || 

2. At the boiling temperature charcoal also absorbs oxygen 
from it, and converts it into sulphurous acid. At a red heat 
it even converts it into sulphur. 

3. Boron and silicon would likewise decompose it, but the 
experiment has not been tried. 

4. Phosphorus absorbs oxygen from it by the assistance ot 
heat, sulphurous acid is driven off, and phosphoric acid 
formed. 

5. When sulphur is boiled in this acid, it absorbs a portion 
of its oxygen, or at least combines with it, and the whole is 
converted into sulphurous acid. 

6. When zinc or iron is thrown into sulphuric acid, a vio 


* Jour. de Phys. xxxi. 473. + Phil. Trans. Ixxvii. Part, 11. 
{ See vol. i. p. 50, for the law of its congelation. 
§ Phil. Trans, 1684. || Fourcroy, i. 62. 
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lent action takes place, if the acid be diluted; water is decom- subaivie. t. 
posed, its hydrogen flies off, and its oxygen combines with the ae 
metals. If the acid be concentrated, the action is much less 
violent, and sulphurous acid exhales. Upon tin and copper 

the acid acts very slowly and feebly, unless its action be as- 

sisted by heat, when it oxidizes and dissolves them. On silver, 
mercury, antimony, bismuth, arsenic, and tellurium, it does 

not act except at a pretty high temperature. These metals ab- 

stract part of its oxygen, and convert one portion of it to. 
sulphurous acid, while another portion combines with the 

oxides thus formed. When boiling-hot it oxidizes lead, and 
dissolves cobalt, nickel, and molybdenum: but it has no per- 
ceptible action on gold nor platinum at any temperature to 

which it can be raised. 

IV. It unites readily with all the alkalies and earths, and or atkattes 
with most of the metallic oxides, and forms salts denominated ™ 
sulphates. Thus the combination of sulphuric acid and soda 
is called sulphate of soda; the compound of sulphuric acid and 
lime, salphate of lime, and so on. 

V. It has been already shown in a preceding part of this compos- 
work that sulphuric acid is a compound of 1 atom sulphur, “™ 
and 3 atoms oxygen, or by weight of 


UNDUE ya's ee << vg wo SOO 
Oxygen....2+.. 3 eee eee 150 


SECT. X. 
OF SULPHUROUS ACID. 


Tus acid is easily obtained by the following process. Put Prepara- 
into a small retort a mixture of 2 parts mercury and 1 part “°” 
sulphuric acid by weight. Apply the heat of a lamp. An 
effervescence speedily takes place, and a gas comes over, which 
may be received in glass jars filled with mercury, and standing 
in the mercurial trough. ‘This gas is sulphurous acid. 

1. Sulphurous acid, in the state of gas, is colourless and Properties 
invisible like common air. It is incapable of maintaining 
combustion: nor can animals breathe it without death. It 
has a strong and suffocating odour, precisely the same with 
that exhaled by sulphur burning with a blue flame: sulphur, 
by such a combustion, being totally converted into sulphurous 
acid. Its specific gravity is 2°222, that ef air being 1-000, 
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2. This acid reddens vegetable blues, and gradually destroys 
the greater number of them. It exercises this power on a 
great variety of vegetable and animal colours. Hence the 
use of the fumes of sulphur in bleaching wool and in whitening 
linen stained by means of fruits. 

Planche has observed, that when syrup of violets, previously 
reddened by acids, is mixed with a little sulphurous acid, the 
original blue colour of the syrup is restored, and its intensity 
gradually diminishes.* 

3. Dr. Priestley discovered, that when a strong heat is ap- 
plied to this acid in close vessels, a quantity of sulphur is pre- 
cipitated, and the acid is converted into sulphuric.}+ Berthollet 
obtained the same result; but Fourcroy and Vauquelin could 
not succeed.t 

According to Clouet and Monge, when this gas, in a state 
of condensation, is exposed to the temperature of — 18°, it 
is condensed into a liquid.§ | 

4. Water absorbs this acid with rapidity. According to 
Dr. Priestley, 1000 grains of water, at the temperature 54°5°, 
absorb 396 grains of this acid. Fourcroy, on the other hand, 
affirms, that water at 40° absorbs the third of its weight of 
sulphurous acid gas.|| Upon trying the experiment, I found 
that one cubic inch of water at the temperature of 61°, baro- 
meter 29°55 inches, absorbs 33 inches of gas. But an inch 
of water weighs about 253°175 grains, and 33 inches of gas 
weigh 23°16. Hence it follows, that 1000 water in weight 
absorbs 91°5 of this gas. This exceeds considerably the 
estimate of Priestley, though it comes short of that of Four- 
croy. Water impregnated with this gas acquires, according 
to my experiments, the specific gravity 1:0513, even in as high 
a temperature as 68°. This water may be frozen without 
parting with any of the acid gas. When water, which has 
been saturated with this acid at the freezing temperature, is 
exposed to the heat of 65°25°, it is filled with a vast number of 
bubbles, which continually increase and rise to the surface. 
These bubbles are a part of the acid separating from it. It 
freezes a few degrees helaw 22°.** 


* Ann. de Chim. Ix. 253. + On Air, ii. 330. 
t Nicholson’s Journal, i. $13. § Fourcroy, ii. 74. 
|| Fourcroy, p. 77. 

** Fourcroy and Vauquelin, Nicholson’s Jour, i, 513, 
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Il. Of the simple supporters the action of oxygen only on Suvaivis.u 
this gas has been examined with minute attention. nage: 

Oxygen gas and sulphurous acid gas do not combine at the 
common temperature of the air if they are kept dry. But it 
water be present they gradually combine, and are converted 
into sulphuric acid. When passed through a red hot tube, 
or when electrical sparks are passed through the mixture, they 
combine likewise and constitute sulphuric acid. 

III. The action of the simple acidifiable combustibles on Action of 
this gas has not been examined with much care. a. 

According to the experiments of Fourcroy and Vauquelin, 
when hydrogen or charcoal is made to act upon the gas at a 
red heat it is decomposed, water or carbonic acid being formed 
and sulphur deposited. ‘The action of boron and silicon has 
not been tried. Phosphorus and sulphur seem to be incapable 
of decomposing it. 

It is readily decomposed by potassium and sodium. It 
dissolves iron without the evolution of any gas, as was first 
observed by Mr. Higgins.* When exposed to the action of 
peroxide of lead it is absorbed as Berzelius first ascertained, 
and the peroxide converted into common sulphate of lead.+ 
Peroxide of manganese produces a similar change in this acid. 

The action of the remaining metals and their oxides on this 
acid gas is still imperfectly known. | 

IV. When nitromuriatic acid is left for a long time in con- Tripte acia. 
tact with sulphuret of carbon, that substance is converted into 
a crystallized body insoluble in water, but soluble in alcohol 
and ether, having an acid taste, and very much resembling 
camphor in its properties. According to the analysis of Ber- 
zelius this substance is a triple compound cf muriatic acid, 
sulphurous acid, and carbonic acid, in the following propor- 
tions: 

Murlatic acid...... 48°74 or 2 
Sulphurous acid .. 29°63 1 
Carbonic acid .... 21°63 1 


atoms 


100°00 


But the nature of this problematical substance would still 
require farther elucidation. 


¥ 


Higgins’ Comparative View, p. 49. 
Phil. Trans. 1815, p. 186. 
Ibid. p. 195, and Annals of Philosophy, iii, 189. 
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Book.  V. From the experiments of Sir H. Davy it seems to follow 
Division I. very clearly that oxygen gas may be converted into sulphurous 
Conpott acid gas without any change of bulk.* Hence it follows that 
it isa compound of 1 volume of oxygen + 1 volume of sulphur 
vapour condensed into 1 volume. Sulphuric acid vapour on 
the other hand is a compound of 14 volume of oxygen + 1 
volume sulphur vapour condensed into 1 volume. Hence 

their specific gravities are as follows: 


Sulphurous acid gas ........ 2°222 
Sulphuric acid vapour ...... 2°777 


Their constituents are 


Salphur. Oxygen. Sulphur. Oxygen, 
Sulphurous acid .. 1 atom + 2 atoms or 100 + 100 
Sulphuric acid.... 1 a ee 100 + 150 


VI. Sulphurous acid combines with the salifiable bases, and 
constitutes a genus of salts known by the name of sulphites. 


SECT. XI. 
OF HYPOSULPHUROUS ACID. 
Prepara- Wuen sulphuret of lime is dissolved in water we obtain a 
tion. 


greenish yellow coloured solution having the smell of sulphu- 
retted hydrogen gas, and precipitating all the metal from their 
solutions. If this liquid be preserved for some time, it gra- 
dually becomes colourless and loses its peculiar smell. If it 
be now evaporated it yields large crystals, most commonly 
in the state of six-sided prisms, and having an exceedingly 

_ bitter taste. They consist of hyposulphurous acid and lime 
united together in the proportion, according to Mr. Herschell’s 
analysis, of 2 atoms acid to 1 atom lime, and united to 6 atoms 
water.; ence the constituents of the salt must be 


Hyposulphurous acid.... 6°000 or 36°64 
LTRS Saar err 60055) 22°14: 
AV OUES a aoa er ee se 6°750 41°29 


16°375 100°00 


From this salt, which is easily procured by passing a cur- 
rent of sulphurous acid gas through hydroguretted sulphuret 


* Elements of Chemical Philosophy, p. 273. 
+ Edinburgh, Phil, Journal, 1. 15. 
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of lime, the other hyposulphites may be readily obtained. supaivis. 1, 
These salts are colourless, and, with an exception or two, they eas 
are soluble in water. ‘Their taste is most commonly bitter ; 
though some of the metalline hyposulphites have an intensely 
sweet taste. 

Hyposulphurous acid cannot exist in a separate state. 
When we attempt to decompose the hyposulphites, we almost 
always resolve their acid into sulphurous acid and sulphur. 
It has been already shown in a preceding part of this work, 
that hyposulphurous acid is a compound of 


d 1 atom sulphur = 2 or 100 
1 atom oxygen = 1 50. 


The hyposulphites precipitate silver from the nitrate in the 
state of sulphuret. Several of them have the property of 
dissolving and keeping in solution the chloride of silver. 


Sic ro ATE 
OF HYPOSULPHURIC ACID. 


Tus acid, recently discovered by Gay-Lussac and Welter, prepara 
may be formed by passing a current of sulphurous acid through “™ 
water, containing a mixture of peroxide of manganese. Add 
an excess of barytes to the solution and filter. A current of 
carbonic acid gas precipitates the excess of barytes present. 
Sulphuric acid is then to be added in such quantity as just to 
precipitate the whole of the barytes combined with’ the hypo- 
sulphuric acid. ‘The liquid, being now filtered, is found to 

_ bea solution of hyposulphuric acid in water. 

The acid thus obtained is colourless, has no smell; but a 
strong acid taste. When placed under the exhausted receiver 
of an air-pump, along with sulphuric acid, it may be con- 
centrated till it reaches the specific gravity 1347 without 
undergoing decomposition. But if the concentration be car- 
ried farther, or if heat be applied to the concentrated acid, 
it is decomposed into sulphurous and sulphuric acids, the 
former of which flies off while the latter remains behind. 

When cold it is not altered by chlorine, concentrated nitric 
acid, or red sulphate of manganese. It saturates the different 
bases, and seems to form soluble salts with all of them. ‘To 
these salts the name of hyposulphates has been given. 
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Gay-Lussac and Welter have shown that this acid is a 
compound of 1 integrant particle of sulphuric acid and 1 in- 
tegrant particle of sulphurous acid united together. Hence 
its constituents must be 


2 atoms sulphur = 4 
5 atoms oxygen 


= 5 
9 
And the equivalent number for it must be 9.* 


Thus we have no fewer than 4 acid compounds of sulphur 
and oxygen. ‘The constituents of these acids are as follows : 


Sulphur. Oxygen. 
Hyposulphurous acid of 1 atom + 1 atom 


Sulphurous acid.... 1 +2 
sulphuric ‘acid’: 00° I 2 
Hyposulphuric acid 2 + 5 


SECT. XIII. 
OF SELENIC ACID. 


SELENIC acid is easily formed by heating selenium in nitric 
acid or nitromuriatic acid. An effervescence ensues, and the 
selenium dissolves and is converted into selenic acid. On 
allowing the solution to cool, the selenic acid crystallizes in 
large six-sided prisms similar to the crystals of nitre. When 
these crystals are heated, the water which they contain is 
volatilized, and the acid remains behind in the state of a 
white mass. If the heat be augmented, the acid itself is 
converted into vapour without melting, and the vapour has 
very much the appearance of chlorine. The temperature at 
which the acid assumes the form of vapour is below the 
boiling point of sulphuric acid. ‘The vapour condenses in 
the upper part of the apparatus in the form of very long 
tetrahedral needles, or, if the apparatus be rather hot, | 
the acid is deposited in the form of a dense white mass, 
which has the appearance of some fusion, and is somewhat 
transparent. When exposed to the air it attracts moisture, 


* See Annals of Philosophy, xiv. 352. 
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loses its lustre, and becomes dull, but does not deliquesce into pr aE 
a liquid. er 
Selenic acid has a sour taste which leaves a burning im- properties. 
pression on the tongue. When in the gaseous state it has 
the sharp odour, which distinguishes acids in general, with- 
out any odour peculiarly its own. It is very soluble in cold 
water, and boiling water dissolves it in any proportion what- 
ever. A saturated hot solution crystallizes on cooling in 
small grains or in striated prisms. It is likewise very soluble 
in alcohol. 
When distilled with alcohol it forms an ether; while sele- 
nium is reduced, and the selenic acid which remains in the 
retort has a red colour in consequence of the excess of sele- 
nium which it contains. When a mixture of selenic acid, 
sulphuric acid, and alcohol is distilled, the substance which 
comes over into the receiver has an intolerably disagreable 
odour. At the same time a considerable quantity of selenium 
is reduced. 
When selenic acid is mixed with muriatic acid, and a plate 
of zinc put into the liquid, the selenic acid is decomposed and 
the selenium is precipitated in abundance. ‘The selenic acid, 
in any solution, is easily decomposed by rendering the solution 
slightly acid, adding sulphate of ammonia, and boiling the 
mixture, the acid disengages the sulphurous acid, which de- 
prives the selenic acid of its oxygen, and the selenium gradually 
precipitates in the state of a powder nearly black. 
The salts which selenium forms when it combines with bases 
have received the name of seleniates. It has been already 
shown in a preceding part of this work,* that selenic acid is 


a compound of 1 atom of selenium and 2 atoms of oxygen. 
Hence its constitution is Composi- 
tion. 
Selenium Ji. osces 5:195 


Oxygen ih deve 09 O00 


So that the weight of an integrant particle of this acid 1s 
7125.4 


> Vol: 3. pe 206. 
+ Berzelius, Ann, de Chim. et de Phys. ix. 177 and 225. 
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SECT. XIV. 
OP ARSENIC ACID. 


ARSENIC acid is usually prepared by the process pointed out 


Ueent by Scheele. Three parts of white oxide of arsenic are dis- 


Prepara- 
tion. 


Properties. 


Action of 
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solved in 7 parts of muriatic acid, and the solution is mixed 
with 5 parts of nitric acid, and distilled to dryness. What 
remains is arsenic acid. But this method has been consider- 
ably improved by Bucholz. His method is as follows. Mix: 
in a retort 1 part of muriatic acid of the specific gravity 1°2, 
4 parts of the white oxide of arsenic, and 12 parts of nitric 
acid of the specific gravity 1°25. Boil the mixture till the 
oxide disappears and nitrous gas ceases to be disengaged. ‘Then 
evaporate to dryness, and expose the mass for a few minutes 
to alow red heat. What remains after this is solid arsenic 
acid. But this acid may be prepared with still greater facility 
by dissolving metallic arsenic in nitric acid, evaporating the 
solution to dryness, re-dissolving the residuum in water, filter- 
ing the solution, and then evaporating it again to dryness. 

1, Arsenic acid, thus prepared, is a white solid mass, nearly 
tasteless. Its specific gravity is 3°391. Itis very fixed. When 
heated strongly, it melts and remains transparent, and is con- 
verted into a glass, which acts powerfully on the vessel in which 
the experiment is performed. This glass attracts moisture 
from the air. When the heat is very strong, the acid gives 
out a little oxygen gas, and is at the same time partly con- 
verted into white oxide. 

2. It dissolves very slowly in 6 parts of cold water; but 2 
parts of boiling water dissolve it almost instantly, and it re- 
mains in a state of solution even though a considerable por- 
tion of that water be evaporated. With half its weight of water 
it has a syrupy consistency ; and by farther evaporation it de- 
posites crystals in grains.* Its taste, when liquid, is acid, 
caustic, and metallic. 

II. Oxygen has no action whatever on this acid. The ac- 
tion of the other supporters of combustion on it has not been 
examined. 

III. The simple acidifiable combustibles decompose it by 
the assistance of heat: and in these cases, as we learn from the 


* Bucholz, Jour. de Chim. iv. 5. 
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experiments of Scheele and of the Dijon Academicians, com~ Subtivis. 
bustion sometimes takes place. hae 

Several of the metals decompose it when assisted by heat. It 
does not act upon gold, platinum, silver, mercury. It oxidizes 
copper, iron, lead, tin, zinc, bismuth, antimony, cobalt, nickel, 
manganese, and arsenic, and in a strong heat, mercury and 
silver. 

IV. It combines with alkalies, earths, and several of the 
metallic oxides, and forms compounds which have been called 
arseniates. Most of the arseniates are insoluble in water. But 
they all dissolve readily in nitric acid. 

V. It appears established by the experiments quoted in a 
former part of this work,* that arsenic acid is a compound of 


PRECOMIG. didhu's reid a VCs ae LOU 
OPEV GO a's wide ese e 7 02 OS) 


We concluded likewise that an atom of arsenic weighed 9'5, 
and of course that arsenic acid consists of 


Arsene fo: os OD ort atom 
xyeen Sere. 5 5 atoms. 


So that an integrant particle of it weighs 14°5. 


SC. SV. 
OF ARSENIOUS ACID. 


ArsEn10Uus acid is formed when arsenic is heated in the open 
air. It sublimes in a white smoke, which when collected con- 
stitutes arsenious acid. 

It is usually in the form of a compact white cake; but it 
may be obtained also crystallized in octahedrons. 

It has an acrid taste which at last leaves an impression of Properties. 


sweetness and is one of the most virulent poisons in existence. 
It reddens vegetable blues and dissolves very scantily in cold 


water; but much more abundantly in boiling water. 

II. None of the simple supporters are known to have any 
very powerful action on this acid. Oxygen is capable of com- 
bining with it; but the union cannot be accomplished by 
placing the two substances in contact. 

III. The action of the simple combustibles on it has been 


* See vol. 1. p. 306. 
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but imperfectly studied. There can be little doubt that hy- 
drogen and carbon are capable of decomposing it when as- 
sisted by heat. ‘The action of boron and silicon has not been 
tried. Probably sulphur and phosphorus would be able to 
convert it into sulphuret and phosphuret of arsenic. 

There can be no doubt that potassium and sodium are ca- 
pable of decomposing it. 

When it is mixed with quicklime and the mixture is heated 
in a glass tube, a beautiful phenomenon may be observed. At 
a certain temperature the mixture becomes ignited, the com- 
bustion gradually pervading the whole mass. Atthe same time 
a quantity of metallic arsenic sublimes.* ‘Thus it appears that 
a portion of the arsenious acid gives out its oxygen to another 
portion, which is thus converted into arsenic acid, and uniting 
with the lime constitutes an arseniate of lime. Perhaps the 
same phenomenon would be observed, if barytes or strontian 
were substituted for lime. 

IV. Arsenious acid combines with the different bases and 
forms a genus of salts called arsenites, which have been very 
little examined by modern chemists. It is composed of 


1 ALOM, ALSOMIC ms » Sig'iwune s;0. O00 
3 atoms OXYPEN 14. c sess es 3” 


eee 


12°5 


So that an integrant particle of it weighs 12:5. 


SECT. XVI. 
OF ANTIMONIC ACID. 


Antimonic acid, for. the first description of which we are 
indebted to Berzelius, is obtained by mixing 1 part of antimony 
in powder with 6 parts of nitre, and exposing the mixture for 
an hour in a silver crucible to the greatest heat which the cru- 
cible can bear. ‘The soluble portion of the nitre being now 
washed off, the white powder that remains is to be digested in 
water. A portion will dissolve. Into the solution drop acetic 
acid. A white powder falls which is antimonic acid in the 
state of a hydrate. 

In this state it is a white powder insoluble in water; but ca- 


* The experiment was made by Dr. Wollaston. 
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pable of reddening vegetable blues. When heated it gives out subaivis. 1. 
its water and assumes a yellow colour, and is no longer capa- (™" "", 
ble of reddening vegetable blues. When heated to redness it 
parts with a portion of its oxygen and is converted into anéi- 
monious acid or white oxide of antimony. 

According to the analysis of Berzelius,* the hydrate of an- 
timonic acid is a compound of 


Antimonic acid...... 95°22 .... 100 
Ve ee a is ceded eRe ii wroROe 


100°00 


Were we to suppose antimonic acid to be a compound of 1 
atom antimony + 2 atoms oxygen, as it is probable it is, its 
weight would be 7°625, and the hydrate would be a compound 
of 3 atoms acid + 1 atom water. 

II. ‘The action of the supporters and of the combustibles on 
this acid still remains unknown. ‘The compounds which it 
forms with bases, called antimoniates, have been examined by 
Berzelius. They will come under our examination in a sub- 
sequent part of this work. 


SECT. XVII. 
OF ANTIMONIOUS ACID. 


ANTIMonIoUws acid is obtained by the combustion of anti- propara- 
mony, or by dissolving antimony in nitric acid, and exposing *°*” 
the dry residuum after evaporation to a red heat. 

The acid thus prepared is a fine white powder of a very white 
colour and having considerable lustre. It requires a pretty 
high temperature to fuse it; but it is volatilized at a lower tem- 
perature than the protoxide of antimony, and forms prismatic 
crystals, formerly known by the name of argentine flowers of 
antimony. 

When this acid is fused with one fourth of its weight of compos 
antimony, it is converted into protoxide of antimony. Hence “™ 
it is obvious, that the oxygen in it must be to that in the pro- 
toxide of antimony as 4 to 3. If therefore the protoxide of 
antimony be a compound of 1 atom metal + 1 atom oxygen, 
we have no other alternative, but to consider antimonious acid 
as a compound of 


# Nicholson’s Journal, xxxiv. 318. 
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Such a constitution must be admitted to be very problema- 
tical; though there is nothing in the atomic theory, as far as 
we are aware at present, to lead us to reject it as impossible. 
The point might be decided by a knowledge of the-constitu- 
tion of the antimonites. For if antimonious acid be a com- 
pound of 3 atoms antimony + 4 atoms oxygen, its weight must 
be 20°375. Now this weight, great as it is, is confirmed by the 
constitution of the only antimonite hitherto analysed. Ac- 
cording to the experiments of Berzelius,* antimonite of pot- 
ash is composed of 


ANIMONIOS ACK y5., 100 sas « «8 11 90% 
POLSWN Sta. tere OOo ene es. OO 


‘Thus the equivalent number for antimonious acid derived 
from this analysis is 19°64, which is within one twentieth of 
the number derived from the supposed constitution of the acid. 

The facility with which the protoxide of antimony and the 
antimonic acid can be converted into antimonious acid leads 
one to suspect that they are of a complicated nature. But it 
would be singular indeed if the most permanent compound of 
antimony and oxygen consisted of 3 atoms of the former + 4 
atoms of the latter, while fhe compounds consisting of 1 atom 
of each, or of 1 atom of the former combined with 2 atoms of 
the latter, were altered with the greatest facility. Yet it is pos- 
sible that some peculiarity in the shape of the antimonic atom 
may account for this seeming anomaly. 


SECT. XVIII. 
OF CHROMIC ACID. 


Curomic acid may be obtained from the chromate of iron 
by the following process for which we are indebted to Vauque- 
lin. Mix two parts of the powdered ore with one part of nitre, 
and expose the mixture to a strong heat for several hours in a 
Hessian crucible. Digest the torrified mass in water till all 
the soluble portion is dissolved. “The undissolved portion is a 
mixture of oxide of iron and undecomposed chromate. Dis 


* Nicholson’s Journal, xxxv. 44. 
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solve off the oxide of iron by means of muriatic acid, and mix. subaivis. 1. 


the undecomposed chromate with an additional portion of nitre 
and torrefy it again. By this means it is completely decom- 
posed. The water holding the potash and chromic acid in so- 
lution is to be saturated with nitric acid, and evaporated till 
the chromate of potash crystallizes. Dissolve this salt in water 
and precipitate the chromic acid by means of muriate of ba- 
rytes. Wash the chromate of barytes well, and then dissolve 
it in nitric acid. ‘Throw down the barytes by means of sul- 
phuric acid added with caution to prevent an excess. Filter 
the liquid and evaporate it to dryness by a low heat. Add water 
and repeat the evaporation two or three times to get rid of the 
nitric acid. The dry mass is now chromic acid in a state of 


purity. 


Chap. IIL. 


Chromic acid, thus obtained, is a substance of a dees red Properties. 


colour. Its taste is acid, sharp, and strongly metallic. When 
' exposed to the air it deliquesces. Water dissolves it, and it 
may be obtained from that liquid in elongated prisms of a ruby 
red colour. 

When heated it gives out oxygen gas, and is converted into 
green oxide of chromium. 

When mixed with filings of tin and muriatic acid, it be- 
comes at first yellowish brown, and afterwards assumes a beau- 
tiful green colour. 

When mixed with a little alcohol and nitric acid, it imme- 
diately assumes a bluish green colour, which preserves the same 
shade even after desiccation. Ether alone gives it the same 
colour. 

With a solution of nitrate of mercury, it gives a precipitate 
of a dark cinnabar colour. 

With a solution of nitrate of silver, it gives a precipitate 
which, the moment it is formed, appears of a beautiful car- 
mine colour, but becomes purple by exposure to the light. 
This combination, exposed to the heat of the blowpipe, melts 
before the charcoal is inflamed. It assumes a blackish and me- 
tallic appearance. If it be then pulverised, the powder is still 
purple; but after the blue flame of the lamp is brought in con- 
tact with this matter, it assumes a green colour, aud the silver 
appears in globules disseminated throughout its substance. 

With nitrate of copper, it gives a chesnut-red precipitate. 

With the solutions of sulphate of zinc, muriate of bismuth, 
muriate of antimony, nitrate of nickel, and muriate of plati- 


num, it produces yellowish precipitates when these solutions do 
VOL. Il. K 
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not contain excess of acid. With muriate of gold it produces 
a greenish precipitate. 

When melted with borax or glass, it communicates to them 
a beautiful emerald-green colour. 

Paper impregnated with chromic acid assumes in the light 
a greenish colour. 

When mixed with muriatic acid, the mixture is capable of 
dissolving gold like aqua regia: when this mixture of the two 
acids is distilled, chlorine is disengaged, and the liquor assumes 
a very beautiful green colour. 

Sulphuric acid, while cold, produces no effect upon it; but 
when warmed, it makes it assume a bluish green colour, pro- 
bably by favouring the disengagement of oxygen. 

The salts which chromic acid forms with bases have been 
examined by Vauquelin* and John.+ They have received the 
name of chromates, and will be described in a subsequent part 
of this work. 


SECT. XIX. 
OF MOLYBDIC ACID. 


Moryspic acid is usually prepared from molybdena, or na- 
tive sulphuret of molybdenum, by the process pointed out by 
Scheele. Reduce the mineral to powder, and distil off it ni- 
tric acid, or rather a mixture of nitric and muriatic acids, till 
the whole is converted into a white mass. Edulcorate this mass 
with water to carry off the sulphuric acid formed, and the re- 


. mains of the other acids. It is now molybdic acid tolerably pure. 


Another method has been lately pointed out by Bucholz. 
Reduce the mineral to a fine powder, and expose it to heat in 
an open crucible, stirring it with an iron rod till the whole as- 
sumes an ash-grey colour. ‘The heat is to be at first a strong 
red, but gradually lowered as the roasting advances, to prevent 
the powder from cohering, which would render the completion 
of the process very difficult. By this roasting the sulphur is 
dissipated, and a considerable portion of the metal acidified. 
Reduce the mass to powder, and digest it a sufficient time in 
water holding soda or ammonia in solution; the molybdic acid 
is taken up, and combines with the alkali, while the impurities 
remain behind. Let the solution remain corked yp till it has 
become clear, decant it off from the sediment if any thing has 


_* Ann. de Chim. lxx. 70. | - Annals of Philosophy, lv. 424. 
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subsided, and pour into it some muriatic acid. The molybdic Subdivis. I. 
acid precipitates in the state of a fine white powder, and may Cmte 
be easily separated and edulcorated.* 

Molybdic acid, thus prepared, is a white powder, the speci- Properties. 
fic gravity of which is 3°460. When heated in a close vessel 
it melts and crystallizes; but in an open vessel it sublimes in a 
white smoke, which attaches itself to cold bodies, and assumes 
the form of brilliant yellow scales. 

It is soluble in 960 parts of boiling water. ‘The solution is 
pale yellow; it has no taste, but reddens litmus paper. The 
molybdic acid is precipitated from this solution by sulphuric, 
nitric, and muriatic acids.+ 

Molybdic acid is not affected by oxygen gas; but it is de- 
composed by sulphur and charcoal, and several of the metals. 
When heated with the protoxide of molybdenum, the mixture 
is converted into blue oxide. 

It combines with alkalies, earths, and several metallic oxides, 
and forms salts known by the name of molyldates. 

Sulphuric acid dissolves molybdic acid when assisted by heat. 
The solution is colourless while hot; but when cold it assumes 
a deep blue colour, which is heightened by saturating the so- 
lution with soda. When this sulphuric acid solution is heated 
strongly, the sulphuric acid is evaporated, and molybdic acid 
remains. Muriatic acid also dissolves it. ‘The solution is of 
a pale yellowish green colour; but it becomes blue when satu- 
rated with potash. Nitric acid does not dissolve this acid. § 

This acid, when combined with potash, forms a colourless 
salt. 

Mixed with filings of tin and muriatic acid, it immediately 
becomes blue, and precipitates flakes of the same colour, which 
disappear after some time, if an excess of muriatic acid has 
been added, and the liquor assumes a brownish colour. 

With the solution of nitrate of lead it forms a white preci- 
pitate, soluble in nitric acid. 

When mixed with a little alcohol and nitric acid, it does not 
change its colour. 

With a solution of nitrate of mercury, or of nitrate of sil- 
ver, it gives a white flaky precipitate. 

With the nitrate of copper it forms a greenish precipitate. 

With solutions of sulphate of zinc, muriate of bismuth, mu- 


* Gehlen’s Jour. iv. 604. + Hatchett, Phil. Trans. Ixxxvi. 323. 
¢ Bucholz, Gehlen, iv, 626. § Hatchett, Phil. Trans. Ixxxvi. 323. 
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riate of antimony, nitrate of nickel, muriates of gold and pla- 
tinum, it produces white precipitates when these solutions do 
not contain an excess of acid. 

When melted with borax, it gives it a bluish colour. 

Paper dipped in this acid becomes in the sun of a beautiful 
blue colour.* 

With respect to molybdous acid or blue oxide of molybde- 
num, it has been so imperfectly examined that I can add 
nothing to the few facts, which have been already stated, when 
treating of molybdenum. 


SECT. XX. 
OF TUNGSTIC ACID. 


Tunestic acid may be obtained by the following process 
for which we are indebted to Bucholz. Mix one part of wol- 
fram in powder with two parts of carbonate of potash. Keep 
the mixture melted in a crucible for an hour, stirring it occa- 
sionally. ‘Then pour it into an iron cone. Before the mass 
be quite cold reduce it to powder, and boil water on it re- 
peatedly till the liquid comes off tasteless. Mix all the aque- 
ous solutions together, and pour muriatic acid into them as 
long as any precipitate appears. Wash the precipitate, dis- 
solve it in boiling carbonate of potash, precipitate again by 
muriatic acid, and after washing the precipitate digest it in nitric 
acid to remove any traces of potash that may still adhere to it. 


‘Then wash it and dry it. In this state it 1s tungstic acid in a 
‘state of purity. 


Tungstic acid, thus obtained, is a tasteless yellow powder 
insoluble in water, and producing no change on vegetable 
blues. It is capable, likewise, of assuming a blue colour, and 
though insoluble in water it remains long suspended in that 
liquid, forming a yellow-coloured milk. 

The compounds which it forms with salifiable bases have 
received the name of tungstates. The alkaline tungstates are 
soluble and crystallizable. The earthy tungstates are insolu- 
ble, with the exception of the tungstate of magnesia. The 
same observation applies to the tungstates of the metallic 


oxides. 


* Vauquelin, Phil. Mag. i. 282. 
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SECT. XXI. 
OF COLUMBIC ACID. 


Ir appears from the experiments of Hatchett and Berze- subatvis 1. 
lius that the white oxide of tantalum possesses acid properties. (°°? 1” 
But I can add nothing to the few facts stated when treating of 


columbium. 
~~ ~<a 


Such are the properties of the 22 acids, composed of a sim- 
ple basis united to oxgen, as far as their properties have been 
investigated. ‘The most important property which they pos- 
sess is that of combining with the different salifiable bases and 
forming salts. The proportions in which they enter into these 
combinations depending upon the weight of their atom, it will 
be worth while to exhibit these weights as far as they have 
been determined. ‘This is accordingly done in the following 
table. 


Constituents. Atoms of Weight of | Weight of 
Acids. Base. Oxygen. | ‘Base.j{Oxygen; an atom | an atom 
base. acid. 
BEEING 6 oye) dca . |Azote......- 100) 285°8 1 5 11°75 6°75 
PILLOWS «6 sao 5 4 100) PSS 7. I 4 agp 5°75 
Hyponitrous .... POON TR ee ibe BP REEES 1 4°75 
Carbonic ......./Carbon .... 100) 266°6 1 2 10°75 275 
Boracieiyos.val.|Boron <2 9%. 100, 228°57| 1 2 O:875)| 2°875 
BIlicarwn ilies. | Stlicom «s+ 100! 100 1 Bu: 2 
Phosphoric ..... Phosphorus . 100,133°3 | 1] 2 |1°5 3°35 
Phosphorous .... 100). 66:6.) 11). 1 2°5 
Hypophosphorous 100), 33°3 |) 24° 4 . t 
muipmuric.... 55: Sulphur .... 100/150 a a 5 
Sulphurous ..... 100; 100 ere 4: 
Hyposulphurous . 100} 50 La ‘ S 
Hyposulphuric .. 100) 125 on ee, 9 
Selenic acid ..... Selenium ... 100/39°025) 1 2 7125 
Arsenic ........|Arsenic .... 100/52°631| 1 5 19°5 14°5 
Arsenious ..... 100/ 31°6 1 3 Pag | wag 
Antimonic....../Antimony .. 100)35°556| 1 | 2 | 5°625 | 7-695 
Antimonious.... 100} 23°7 de a ee e875 
Pm uroune so, ss. Cnrowmiom .. 1008 7°72 {°° T | Se 6°5 
madlybdic .......: Molybdenum 110/50 1 3.16 9 
Molybdous ..... 33°3 a 8 
PeUOStIC ... 25... Tungsten .. 100/25 1 3 112 15 
1 1/118 19 


Columbic......./Columbium . 100) 5°5 
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GENUS II. COMBUSTIBLE ACIDS. 


The acids belonging to this genus were formerly distin- 

euished by the appellation of vegetable and animal acids, be- 
cause almost the whole of them are procured from the vegeta- 
Ble and animal kingdom. They differ essentially from the 
preceding genus of acids in several particulars. 
1. If they be combined with potash and distilled, they are 
completely decomposed, charcoal is usually evolved, and a 
considerable quantity of heavy inflammable air extricated ; 
whereas no combustible substance can be procured by expos- 
ing the other acids to heat.* 

. All of them contain at least two simple combustible sub- 
stances as a base; whereas the others never contain more than 
one. ‘These two substances are always carlon and hydrogen. 
Some of these acids contain likewise azote, over and above the 
two simple combustibles. Oxygen also usually enters into 
their composition in considerable quantity, but not perhaps 
always. ‘To them, therefore, the theory of Lavoisier, respect- 
ing the necessity of oxygen as the acidifying principle does not 
strictly apply. 

3. They do not seem capable of combining with different 
proportions of oxygen. Whenever the quantity of oxygen is 
changed, the proportion of the other constituents changes 
also. Of course the termination of their names ought not to 
indicate the proportion of oxygen which they contain; but 
should, if possible, be independent of that proportion alto- 
gether. 

4, The combustible acids may be very conveniently subdi- 
vided into four orders; which are distinguished from each 
other by the following properties: 


* Sulphurous and phosphorous acids excepted, which emit sulphur and 
phosphuretted hydrogen when exposed to heat. 

+ The French chemists who formed the new nomenclature were misled 
here. They made some of the names of the combustible acids end in aC, as 
if they were saturated with oxygen; and others in ows, as if they were capa- 
ble of combining with an additional dose. The fact is, that, none of them 
are, strictly speaking, saturated with oxygen; for all of them are capable of 
combining with more. But then they cannot combine with more without 
being totally decomposed, and converted into water, carbonic acid, &c. I 
have adopted the rule proposed by Mr. Chenevix, which is calculated to 
avoid all ambiguity; the names of all the combustible acids are made to end 
in jc, and this without reference to theory. 
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The acids belonging to the first order are crystallizable, sabaivts. 1 
and they may be volatilized by heat without undergoing de- ©? "¥ 
composition. 

Those belonging to the second order are likewise crystalliz- 
able, but they cannot be volatilized without decomposition. 

Those belonging to the third order are not crystallizable. 

The fourth order contains three acids which do not seem 
capable of forming permanent salts with bases, and therefore 
must be deemed imperfect. 


Orver I. Crystallizable and Volatile Acids. 


1. Acetic 7. Suberic 

2. Benzoic 8. Meconic 

3. Succinic 9. Lampic 

4, Moroxylic 10. Pyrotartaric 
5. Camphoric 11. Pyromucic. 
6. Boletic 


Orver II. Crystallizable, but not volatile. 


1, Oxalic 7. Uric 

2. Mellitic 8. Purpuric 
3. Tartaric 9. Laccic 
4, Citric 10. Malic 
5. Kinic iJ. Igasuric. 
6. Saclactic 


Orver III. Unerystallizalle. 


1. Formic 3. Krameric. 
2. Lactic 

Orver IV. Imperfect acids. 
1. Gallic 3. Ellagic. 
2. Tannin 


I shall describe these acids in the following sections in the 
order in which they have been named. 


SECT, I. 


OF ACETIC ACID. 


Tus acid is employed in three different states, which have 
been distinguished from each other by-peculiar names. When 
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first prepared, it is called vinegar; when purified by distilla- 
tion, it assumes the name of distilled vinegar, usually called 
acetous acid by chemists; when concentrated as much as pos- 
sible by peculiar processes, it is called radical vinegar, and by 
chemists acetic acid. It will be requisite to describe each of 
these states separately. 

1. Vinegar was known many ages before the discovery of 
any other acid, those only excepted which exist ready formed 
in vegetables. It is mentioned by Moses, and indeed seems 
to have been in common use among the Israelites and other 
eastern nations at a very early period. It is prepared from 
wine, from beer, ale, and other similar liquids. ‘These are apt, 
as every one knows, to turn sour, unless they be kept very 
well corked. Now sour wine or beer is precisely the same 
with vinegar. 

Heeger describes the following ree of making vine- 
gar, which is said to be still practised in different places. 

Take two large oaken vats or hogsheads, and in each of 
these place a wooden grate or hurdle at the distance of a foot 
from the bottom. Set the vessel upright, and on the grate 
place a moderately close layer of green twigs of fresh cuttings 
of the vine. Then fill up the vessel with the footstalks of 
grapes, commonly called the rape, to the top of the vessel, 
which must be left quite open. 

Having thus prepared the two vessels, pour into them the 
wine to be converted into vinegar, so as to fill one of them 
quite up, and the other but half full. Leave them thus for 
twenty-four hours, and then fill up the half-filled vessel with 
liquor from that which is quite full. Four-and-twenty hours 
afterwards repeat the same operation; and thus go on, keep- 
ing the vessels alternately full and half full during every twen- 
ty-four hours till the vinegar be made. On the second or 
third day there will arise, in the half-filled vessel, a fermen- 
tative motion, accompanied with a sensible heat, which will 
gradually increase from day to day. On the contrary, the 
fermenting motion is almost imperceptible in the full vessel ; 
and as the two vessels are alternately full and half full, the 
fermentaion is by that means, in some measure, interrupted, 
and is only renewed every other day in each vessel, 

When this motion appears to have entirely ceased, even 
in the half-filled vessel, it is a sign that the fermenta~ 
tion is finished; and therefore the vinegar is then to be put 
into casks close stopped, and kept in a cool place. The 
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process in summer usually lasts fifteen days; in winter it lasts suvates. 1. 
longer.* Chap. If. 

All that is necessary to convert wine or beer into vinegar is 
the contact of the external air, a temperature of 80°, and the 
presence of some substance to act as a ferment. But the 
theory of this operation belongs to the Second Part of this 
Work; our business at present is, not to investigate the me- 
thod of making vinegar, but to examine the properties of 
acetic acid. 

Vinegar is a liquid of a reddish or yellowish colour, a plea- Properties. 
sant sour taste, and an agreeable odour. Its specific gravity 
varies from 1°0135 to 1:0251, and it differs also in its other 
properties according to the liquid from which it has been 
procured. It is very subject to decomposition; but Scheele 
discovered, that if it be made to boil for a few moments, it 
may be kept afterwards for a long time without alteration. 
Besides acetic acid and water, vinegar contains several other 
ingredients, such as mucilage, tartar, a colouring matter, and 
often also two or more vegetable acids. When distilled at a 
temperature not exceeding that of boiling water, till about 
two-thirds, or five-sixths at most, of it have passed over, most 
of these impurities are left behind, and the product is pure 
acid, diluted with water. ‘The residuum is still an acid li- 
guid, and often lets fall crystals of tartar. But even when 
thus distilled it is not quite pure. Mr. Chenevix has shown that 
it still contains a peculiar mucilaginous or extractive matter, 
_and traces of a spirituous liquor. 
~ Mr. Phillips informs us that when the best English malt 
vinegar of the specific gravity 1:0204 is distilled, the first 
eighth is of the specific gravity 0°99712, and a fluid ounce of 
it (1°8047 cubic inches) dissolves from 4°5 to 5 grains of pre- 
cipitated carbonate of lime. ‘The next six-eights have the 
specific gravity 1:0023, and a fluid ounce dissolves 8°12 
grains of precipitated carbonate of lime. A fluid ounce of acid 
of the specific gravity 1°007 dissolves from 15 to 16 grains 
of precipitated carbonate of lime, or 13°8 grains of marble.t 


* An account of the mode of making vinegar in France, almost precisely 
the same with that given in the text, was published in the Philosophical 
Transactions for 1670, vol. v. p. 2002. The methods at present practised 
in France are described in the 83d Volume of the Elemens de Chymie, pub- 
lished by the Dijon Academy, p. 6. Many still follow the process described 
in the text; others a different one. 

+ Phillips on the Pharmacopeia Londinensis, p. 7. 
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Bok. 2 The acid thus obtained is a liquid as transparent and 
wasion colourless as water, of a strong acid taste and an agreeable 
Aestous — odour, somewhat different from that of vinegar. In this state 

it is usually called acetows acid or distilled vinegar. 

It may be preserved without alteration in close vessels. 

When exposed toa moderate heat, it evaporates completely, 
and without undergoing any change in its properties. When 
exposed to the action of cold, part of it congeals. The frozen 
portion, which consists almost entirely of water, may be easily 
separated ; and by this method the acid may be obtained in a 
high degree of concentration. ‘The more concentrated the 
acid is, the greater is the cold necessary to produce congela- 
tion. Mr. Lowitz has ascertained that the acid itself how 
much soever it be concentrated, crystallizes or congeals at the 
temperature of — 22°. 

Preparation 3+ When acetate of copper, reduced to powder, is put into 

of acetic a retort and distilled, there comes over a liquid at first nearly 
colourless and almost insipid, and afterwards a highly concen- 
trated acid. The distillation is to be continued till the bot- 
tom of the retort is red-hot. What remains in it then is only 
a powder of the colour of copper. The acid product, which — 
should be received in a vessel by itself, is tinged green by a 
little copper which passes along with it; but when distilled 
over again in a gentle heat, it is obtained perfectly colourless 
and transparent. The acid thus obtained is exceedingly pun- 
gent and concentrated. It was formerly distinguished by a 
names of radical vinegar and vinegar of Venus. 

This process was need to the alchymists, and had oftedl 
been repeated by chemical philosophers; but the product was 
considered as merely highly concentrated acetous acid, till 
Berthollet published his experiments on it in 1785.* That 
skilful philosopher affirmed, that it differs from acetous acid | 
in taste and smell, in its affinities for other bodies, and in the 

espana compounds which it forms with them. When it is obtained 
from acete trom acetate of copper by distillation, the powder which rer 
di mains in the retort consists chiefly of copper in the metallie 
state. Hence he supposed, that the acetic acid gave out | 
phlogiston to the copper, and received from it oxygen. When 
the existence of phlogiston was disproved, this theory was 4 
little altered. It was concluded, that during the distillation, 4 
the acetic acid deprived the oxide of copper of its oxygen, and 


* Mem. Par. 1783, ‘ 
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combined with it; and that radical vinegar therefore is ace- 
tous acid combined with a new dose of oxygen. For this rea- 
son it received the name of acetic acid. 

This theory was generally admitted by chemists, till Mr. 
Adet published his experiments on acetic acid in 1797.* He 
observed, that when acetate of copper is distilled, the products 
are not only acetic acid and water, but likewise carbonic acid 
and carburetted hydrogen gas; and that the residuum consists 
of copper and charcoal. He found that acetous acid did not 
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absorb oxygen when distilled off black oxide of manganese, | 


and that acetic and acetous acids have exactly the same effect 
upon metals. From these and some other similar experiments, 
he concluded that acetic and acetous acids do not differ from 
each other except in concentration. 

This conclusion was considered as hasty, as he did not at- 

tempt to account for the very striking difference in the taste 
and smell of these acids, as he had neither repeated nor refuted 
the experiments of Berthollet, on which the opinion of the 
difference between these two acids was founded. The conclu- 
sion of Adet was opposed, in 1798, by Chaptal, who published 
a set of experiments on the same subject.t This philosopher 
endeavoured to demonstrate, as Berthollet had done before 
him, that acetic and acetous acids, even when of the same 
strength, possess different properties, and have different effects 
on other bodies. From the effect of sulphuric acid upon each, 
and from the quantity of charcoal which remains in the retort 
when equal quantities of each saturated with potash are dis- 
tilled, he concluded that acetous acid contains a sinaller pro- 
portion of carbon than acetic acid. And this he considered 
as the cause of the difference in their properties. 

In 1800, a new set of experiments on the same subject was 
published by Mr. Dabit of Nantes.t This chemist endeavoured 
to prove that acetic acid contains a greater proportion of oxy- 
gen than acetous. When he distilled a mixture of acetate of 
potash and sulphuric acid, the product was acetic acid; but 
when he substituted muriatic acid for sulphuric, he obtained 
acetous acid: but when to this last mixture a little black oxide 
of manganese was added, he assures us that he obtained acetic 
acid. And in none of these cases was there any carbonic acid 
emitted till towards the end of the distillation. 


* Anon. de Chim. xxvii, 299. + Ibid. xxviii, 113. 
t Ibid, xxxvill. 66. 
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The experiments of Darracq have at last finally settled this 
dispute by demonstrating that acetous and acetic acids differ 
merely in concentration. This able chemist repeated the ex- 
periments of Adet, which he found perfectly accurate, and 
performed several new ones; all of which left no doubt that 
acetous and acetic acids contain precisely the same proportion 
of oxygen. He next tried the opinion of Chaptal respecting 
the proportion of carbon in each. When equal quantities of 
acetic and acetous acids are combined with potash or soda, the 
dry salts distilled leave the same quantity of charcoal, and 
yield the same quantity of other products. When reduced to 
the same specific gravity, the two acids form precisely the 
same salts with all alkaline and earthy bases. Finally, acetous 
acid gradually becomes acetic acid when distilled repeatedly off 
dry muriate of lime; and in this case no gaseous body what- 
ever is evolved. From these facts, it is impossible to entertain 
a doubt that the two substances are essentially the same, and 
that these apparent differences are owing to the great quantity 
of water with which acetous acid is diluted, and the mucilagi- 
nous matter which it still retains.* 

The same results were obtained also by Proust, who had 
drawn the same conclusions before he became acquainted with 
Darracq’s paper.+ Henceforth the term acetous acid must 
either be wholly dropped by chemists, or employed in a sense 
different from what was formerly affixed to it. 

4, This acid is transparent and colourless like water. It has 
a peculiar aromatic smell when in the state of acetous acid ; 
but concentrated acetic acid, when procured in the usual way, 
has an empyreumatic odour mixed with the natural smell of 
vinegar, owing to a small portion of oil formed during the 
process. 

Another method of procuring this acid in a concentrated 
state has been proposed by different chemists, and brought 
to a state of perfection by Lowitz of Petersburg. Distil a — 
mixture of three parts of acetate of potash and four parts of 
sulphuric acid, till the acetic acid has come over into the re- 
ceiver. To separate the sulphuric acid with which it is in 
some measure contaminated, rectify the liquid by distilling it 
off a portion of acetate of barytes. The acid that comes over 
crystallizes in the receiver. 

* Darracq. Ann. de Chim. xli. 264. 
+ Jour. de Phys. lvi. 210, 
} Ann, de. Chim. xxxvil. 111. 
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The specific gravity of distilled vinegar varies from 1°007 to subaivic. t. 
1:0095; but radical vinegar is much more concentrated, its (™’ ", 
specific gravity being as high as 1:080.* In that state it is 
extremely pungent and acrid; and when it is applied to the 
skin, it reddens and corrodes it in a very short time. It is 
exceedingly volatile; and when heated in the open air, takes 
fire so readily, that one would be tempted to suspect the pre- 
sence of ether in it. It unites with water in any proportion; 
and when concentrated, the mixture evolves a good deal of 
heat. 

The specific gravity of acetic acid will not enable us to Strength. 
determine its strength. The specific gravity is a maximum 
when the liquid is a compound of 1 atom acid,+ 3 atoms 
water. When the proportion of water is either increased or 
diminished the specific gravity diminishes. Acid composed 
of 1 atom real acid + 1 atom water, and acid composed of 
1 atom real acid + 91 atoms water have nearly the same spe- 
cific gravity. The following table drawn up chiefly from the 
experiments of Mollerat,+ exhibits the specific gravity of acetic 
acid of various strengths. 
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5. Acid of the specific gravity 1063 is the strongest which 
can be procured. It crystallizes at the temperature of 55°, 
and the crystals melt slowly when heated to 721. Courtenvaux 
had long ago observed, that the last portions of acetic acid, 
which come over during the distillation, were susceptible of 


* Richter. Gehlen’s Jour. iv. 11. + Ann. de Chim, lxviii. 88. 
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crystallizing i in a moderate cold. Lowitz proposed a very in- 
genious method to obtain this acid in the state of crystals. 
He makes distilled vinegar into a paste with well burnt char- 
coal, and exposes the ei to a heat not above 212°. The 
watery part is driven off, and the acid remains. A stronger 
heat drives off the acid itself in a very concentrated state, 
By repeating this process it may be obtained in crystals. The 
process of that chemist, detailed above, is more recent, and in 
every respect preferable. 

Il. Acetic acid requires a strong red heat for its decompo- 
sition. Mr. Chenevix passed it five times successively through 
ared hot porcelain tube without destroying it completely. 
But when the tube is filled with charcoal, the decomposition 
is complete. 

Probably ail the supporters of combustion would act upon 
this acid at a high temperature, as they are all capable of 
uniting with one or other of its constituents. But the expe- 
riment has not been tried with sufficient care. Indeed it would 
be difficult to distinguish between the action of heat and the 
influence of the supporter. 

III. The action of the simple acidifiable combustibles on 
acetic acid has not been examined with any attention. But it 
is not probable that any fact of importance would result from 
such an examination. 

It is capable of oxidizing iron, zinc, copper, nickel, tin. 
It does not act upon gold, silver, platinum, mercury, bismuth, 
cobalt, antimony, arsenic. Its action on tellurium, tungsten, 
molybdenum, uranium, titanium, and chromium, has not 
been tried. 

IV. The compounds which it forms with the salitiable bases 
have received the name of acetates. ‘They are all, without 
any exception, soluble in water. 

When the acetates are distilled in a retort, by means of a 
graduated heat always kept as low as possible, there comes 
over acetic acid diluted with water, and a peculiar inflammable 
liquid, to which Mr. Chevenix has given the name of pyro- 
acetic spirit. ‘The metallic base, Hiteed with charcoal, remains 
in the retort; and there flies off a mixture of carbonic acid 
and heavy inflammable gas. The metallic base is usually re- 
duced to the metallic state; and the more difficult this reduc- 
tion is, the greater is the quantity of pyro-acetic spirit formed. 
The following table exhibits the result of the distillation of | 
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seven metalline acetates in a state of purity, as obtained by Sapeinited- 
Mr. Chenevix : ; —_ 
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The acetates of potash and of soda give a greater propor- 
tion of pyro-acetic spirit than any of the metalline acetates. 
When acetate of barytes is distilled, the whole liquid product 
consists of this spirit without any mixture of acid whatever. 

This pyro-acetic spirit, is quite the same in its properties, Pyro-acetie 
from whatever acetate it is procured. No other genus of salts ?"” 
tried, as the oxalates, tartrates, citrates, yield this spirit. Acetic 
acid is not converted into it by heat. Mr. Chenevix distilled 
the same proportion of acetic acid five or six times through a 
red hot porcelain tube; part of it was decomposed, the liquor 
became brown, and its specific gravity was diminished, but a 
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Book 1. considerable proportion remained unaltered. But if charcoal 
Division I. 
be put into the porcelain tube, the acid is destroyed by one 
distillation, and nothing obtained but water, carbonic acid, 
and heavy inflammable air. 
tier’ ~~ Pyro-acetic spirit is a white and limpid liquid. Its taste is 
at first acrid and hot, but it becomes cooling, and in some sort 
urinous. Its smell is peculiar, and is compared by Mr. Che- 
nevix to that of a mixture of oil of peppermint and bitter 
almonds. Its specific gravity, when as pure as possible, is 
0°7864. It burns with a flame, white exteriorly, but of a fine 
blue within, and leaves no residue. It boils at the tempera- 
tuve of 165°. It mixes with water, alcohol, and volatile oils 
in any proportion. With hot olive oil also it mixes in any 
proportion; but with that oil cold it mixes only in certain 
proportions. It dissolves a little sulphur and phosphorus, and 
is an excellent solvent of camphor. When hot it dissolves 
wax and tallow. A portion of these substances precipitates 
as the solution cools, but water still occasions a considerable 
precipitate init. It dissolves potash, and becomes. darker 
coloured; but it may be obtained by distillation again unal- 
tered. When mixed with sulphuric acid it blackens and is 
decomposed, and much charcoal is formed. When mixed 
with nitric acid it becomes yellow, and its properties are al- 
tered. Some oxalic acid is formed. Muriatic acid renders it 
brown. When distilled with this acid a combination takes 
place, and a substance is formed, possessing very different pro- 
perties from muriatic ether. Thus it appears that pyro-acetic 
spirit is a liquid possessing properties peculiar to itself, and 
quite different from those, both of alcohol, ethers, and volatile 
oils. It deserves, of course, a peculiar place among compound 
combustibles.* | 
baie V. The first attempt to ascertain the constituents of acetic 
es acid was made by Dr. Higgins. He distilled acetate of potash, 
and by that means decomposed the acetic acid. The products 
were collected and examined.+ But at that time chemistry 
was not far enough advanced to entitle us to look for correct 
results from such an analysis. ‘The subject has been more 
lately resumed, first by Gay-Lussac and ‘Thenard, and after- 
wards by Berzelius. The former burnt a mixture of acetate 
of barytes and chlorate of potash. ‘The acid was completely 


* Chenevix; Ann. de Chim. xix. 5. 
+ Higgins on acetous acid, p. 26. 
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converted into water and carbonic acid. The gaseous pro- 
ducts being examined, and the quantity of acetic acid decom- 
posed known, they were enabled to calculate its constituents.* 
Berzelius’ analysis was conducted according to the same theo- 
retical principles. But he was at more pains to obtain the 
salt upon which he operated quite free from water.t The 
following table exhibits the composition of acetic acid accord- 
ing to these chemists: 


Hydrogen. Carbon, Oxygen. 
Gay-Lussac.. 5°629 + 50°224 + 44°147 = 100 acid 
Berzelius .... 6°35 + 46°83 + 46°82 = 100 acid 


If we take the result of Berzelius as nearest the truth, it 
follows from it that acetic acid is formed of 


3% atoms hydrogen weighing 0°375 
Als bs sn anbeMs.. sacs «1 .!s: FOOO 
3 seoee OXYGEN 2.066622 3°000 


It is, therefore, a compound of 10 atoms, and the weight of 
an integrant particle of it is 6°375. This weight is confirmed 
by the constitution of the acetates. ‘The following numbers 
indicate the composition of acetate of lime and acetate of lead, 
according to the analysis of Berzelius. { 


Acetate of lime. 
AGOHE AGA vic vas LOO. « oas,n.06'O15 
A one Ho oe CONS Soe wes GOD 


Acetate of lead. 
NGSHG acid ». iedsWidn 100 oe pin ASZ 
Yellow oxide of lead 217°662 ....14 


The equivalent number for acetic acid, according to the 
analysis of the first of these salts, is 6°615; according to the 
second it is 6°432. Now, as it is probable that neither of these 
salts was absolutely free from water, we may consider the co- 
incidence between the weight of an atom of acetic acid given 
by them, and that given by the analysis of acetic acid, as 
sufficiently near. 


_ * Recherches Physico-chymiques, ii. 308.: 
_ + See a minute account of the precautions which he took, and the mode 
which he followed, in the Annals of Philosophy, iv. 323. 

¢t Annals of Philosophy, v. 174. 
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SECT cal 
OF BENZOIC ACID. 
Book EI. BENZOIN, or BENJAMIN, as it is sometimes called, is a kind 
Division I. 


i — of resin brought from the East Indies; obtained, according 

History. to Mr. Dryander, from the styrax benzoe, a tree which grows 
in the island of Sumatra. This substance consists partly of 
a peculiar acid, described as long ago as 1608, by Blaise de 
Vigenere, in his Treatise on fire and salt, under the name of 
flowers of benzoin, because it was obtained by sublimation ; 
but it is now denominated lenzoic acid. 

eee 1. The usual method of obtaining this acid is to put a 
quantity of benzoin, coarsely powdered, into an earthen pot, 
to cover the mouth of the pot with a cone of thick paper, and 
then to apply a very moderate sand heat. The benzoic acid 
is sublimed, and attaches itself to the paper. This method 
was tedious and difficult; it being hardly possible to prevent 
the heat from scorching the benzoin, and volatilizing some 
empyreumatic oil, which soils and injures the acid sublimed. 
Neuman proposed moistening the benzoin with alcohol, and 
distilling it in a retort with a low heat. The acid comes over 
immediately after the alcohol, partly in crystals and partly of 
the consistence of butter.* Geoffroy ascertained, in 1738, 
that this acid may be obtained by digesting benzoin in hot 
water. A portion is taken up, which is deposited in crystals 
as the water cools. Scheele published a different method in 
1775; which being easier and more productive than any 
of the preceding, is now preferred. This process is as fol- 
lows: + Upon four parts of unslacked lime pour twelve parts 
of water, and after the ebullition is over add 96 parts more of 
water; then put twelve parts of finely pounded benzoin into a 
tinned pan ; pour upon it first about six parts of the above milk 
of lime, mix them well together, and thus successively add the 
rest of the mixture of lime and water. If it be poured in all 
at once, the benzoin, instead of mixing with it, will coagulate, 
and run together into a mass. This mixture ought to be bail- 
ed over a genile fire for half an hour with constant agitation ; 
then take it from the fire, let it stand quiet for an hour, in 
order that it may settle; pour off the supernatent limpid liquor 


* Neuman’s Chemistry, p. 294. + Scheele, i, 124. 
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into a glass vessel. Upon the remainder in the pan pour 96 
parts of pure water; boil them together for half an hour, then 
take it from the fire, and let it settle; add the supernatent 
liquor to the former; pour upon the residuum some more 
water, boil it as aforesaid, and repeat the same process once 
more. At last put all the residuums upon a filtre, and pour 
hot water several times upon them. During this process, the 
calcareous earth combines with the acid of benzoin, and sepa- 
rates it from the resinous particles of this substance. A small 
quantity of the resin is dissolved by the lime-water, whence it 
acquires a yellow colour. All these clear yellow leys and de- 
coctions are to be mixed together, and boiled down to twenty- 
four parts, which are then to be strained intoanother glass vessel. 

After they are grown cold, muriatic acid is to be added, 
with constant stirring, till there be no farther precipitation, or 
till the mass taste a little sourish. The benzoic acid, which 
was before held in solution by the lime, precipitates in the form 
of a fine powder. 

Mr. Hatchett has observed, that when benzoin is digested 
in sulphuric acid, a great quantity of beautifully crystallized 
benzoic acid is sublimed. ‘This process is the simplest of all, 
and yields the acid in a state of purity; it claims, therefore, 
the attention of manufacturers.* 

2. Benzoic acid, thus obtained, is a fine light whitish powder, 
which is not brittle, but has rather a kind of ductility. Its 
taste is sweet, hot, and somewhat bitter. Its odour is slight, 
but peculiar and aromatic.} Its specific gravity is 0°657.{ 
It hardly affects the infusion of violets, but it reddens that of 
turnsol, especially when hot.§ 

Heat volatilizes this acid, and makes it give out a strong 
odour, which excites coughing. When exposed to the heat 
of the blow-pipe in a silver spoon, it melts, becomes as fluid 
as water, and evaporates without taking fire. It only burns 
when in contact with flame, and then it leaves no residuum 
behind. When thrown upon burning coals, it rises in a white 
smoke. When allowed to cool after being melted, it hardens, 
and a radiated crust forms on its surface.|| When distilled in 

* Hatchett’s Additional Experiments on Tannin. Phil. Trans. 1805. 

+ This odour is owing to a small portion of aromatic oil which adheres 


to the acid. It has been obtained without any smell by Giese. See Phil. 
Mag. xiv. 331. 

t+ Hassenfratz, Ann. de Chim. xxviii. 11. 

§ Morveau, Encyc. Method. Chim, i. 44. 

\| Lichtenstein. 
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close vessels, the greater part of it sublimes unaltered, but 
some of it is decerappsed: This portion is converted almost 
entirely into oil and carburetted hydrogen gas. 

3. This acid is not altered by exposure to the air. ‘Two 
hundred parts of cold water dissolve 1 part of it;* but 1 part 
of it dissolves in 242 parts of boiling water.+ 

II. Neither the simple supporters nor combustibles have 
any sensible action on it at the common temperature of the 
air, as far as is known. But very few experiments have been 
made on the subject. 

III. It combines with alkalies, earths, and metallic ido 
and forms salts known by the name of Lenzoates. The alkaline 
benzoates are soluble in water. So are the benzoates of barytes, 
strontian, and magnesia. ‘Those of alumina, yttria, and lime, 
are but sparingly soluble. The only metallic salts which form 
insoluble precipitates when mixed with benzoate of ammonia 
are those of tellurium, mercury, and iron. ‘Tellurium and 
mercury are precipitated white; iron orange. Berzelius { 
has proposed benzoate of ammonia as an excellent agent for 
precipitating iron and separating it from other bodies with 
which it may be united. From the experiments of Hisinger 
the method appears to be a good one, provided the iron be in 
the state of peroxide and the liquid contain no excess of acid.§ 

IV. Concentrated sulphuric acid dissolves benzoic acid 
without heat, or any other change, except becoming some- 
what brown: when water is poured into the solution, the ben- 
zoic acid separates, and coagulates on the surface without any 
alteration.|| Nitric acid presents precisely the same pheno- 
mena, as does also the sulphurous acid. Neither the muriatic, 
nor the phosphoric acids dissolve it. Acetic acid, when hot, 
dissolves it precisely as water does; but it crystallizes again 
when the acid cools.** 

Alcohol dissolves it copiously, and lets it fall on the addition 
of water.{+ Boiling alcohol takes up its own weight.t{ One 
hundred parts of cold absolute alcohol dissolve scarcely 56 
parts of benzoic acid.§§ 


* Bucholz Gehlen’s Journal fiir die Chemie, Physik und Mineralogie, 
ix. 340. 

+t Bucholz. ibid. 

} Afhandlingar, i. 171. § Ibid. ni, 152. 

|| Lichtenstein. e” Tbid, +t Ibid. 
1 Wenzel's Verwandtschaft, p. 302. §§ Bucholz, ibid. 
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This acid is sometimes used as a medicine, but much less fre- suvaivis. 1. 
quently than formerly. anager 
V. Benzoic acid has been analysed with much accuracy by constitu- 

Berzelius. According to his experiments,* it is a compound of ** 


Hydrogen...... 5°16 or 6 atoms = 0°75 


Carbone. ...cce. 744 LG = 11°95 
Oxygen a ee ee 20°43 3 — 3°00 
15°00 


According to this analysis it contains 24 atoms, and an in- 
tegrant particle of it weighs 15. The constitution of benzoate 
of lead agrees very well with this determination. According 
to the analysis of Berzelius,+ it is composed of 


PGW ZOIE BCIG,. 6 a4. ecsccse.0/4 100 .... 14°893 
Yellow oxide of lead... 94 .....14 


The equivalent for benzoic acid according to this salt is 14°893, 
which does not differ 1 per cent. from the number obtained by 
the analysis of the acid itself. 

Chemists had long suspected that an acid could be obtained sebacic 
from tallow, on account of the acrid nature of the fumes which *" 
it emits at a high temperature; but it was M. Grutzmacher 
who first treated of it particularly, in a dissertation De Ossium 
Medulla, published in 1748.{ Mr. Rhades mentioned it in 
1753; Segner published a dissertation on it in 1754; and Crell 
examined its properties very fully in two dissertations published 
in the Philosophical Transactions for 1780 and 1782. It was 
called at first acid of fat, and afterwards selacic acid. 

But at the period when these chemists made their experi- 
ments, the characteristic properties of the different acids were 
not sufficiently known to enable them to distinguish acids from 
each other with precision. ‘Thenard examined the subject in 
1801, tried all the processes of Crell and Guyton Morveau, 
and found that the acids procured by them were either acetic 
or the acid employed in the process. Thenard found, how- 
ever, that a peculiar acid was formed during the distillation of 
tallow. To it he consigned the appellation of selacic acid. 
The experiments of this chemist were repeated in 1804 by Mr. 
Rose, who obtained similar results, and confirmed all the ob- 
servations of the French philosopher.§ The subject soon after 


* Annals of Philosophy, v. 181. + Ibid. 
+ Leonhardi. § Gehlen’s Jo 11-170. 
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blished in 1806, proved that the sebacic acid of Thenard is 
nothing else than benzoic acid contaminated with some un- 
known substance derived from the fat, which alters some of its 
properties, but from which it may be freed by proper precau- 
tions.* There does not therefore exist, as far as we know at 
present, any acid to which the name of sebacic acid belongs. 


SECT. III. 
OF SUCCINIC ACID. 


AMBER is a well-known brown, transparent, inflammable 
body, pretty hard, and susceptible of polish, found at some 
depth in the earth, and on the sea-coast of several countries. 
It was in high estimation among the ancients both as an orna- 
ment and a medicine.-— When this substance is distilled, a vo- 
latile salt is obtained, which is mentioned by Agricola under 
the name of salt of amber ; but its nature was long unknown. 
Boyle was the first who discovered that it was anacid. From 
succinum, the Latin name of amber, this acid has received the 
appellation of swccinic acid. 

Mr. Pott seems to have been the first chemist who made a 
set of experiments to ascertain its properties, and who demon- 
strated that it differs from every other. t 

1. It is obtained by the following process: Filla retort half- 
way with powdered amber, and cover the powder with a quan- 
tity of dry sand; lute on a receiver, and distil in a sand-bath 
without employing too much heat. There passes over first an 
insipid phlegm ; then a weak acid, which according to Scheele, 
is the acetic;§ then the succinic acid attaches itself to the neck 
of the retort; and if the distillation be continued, there comes 
over at last a thick brown oil, which has an acid taste. 

The succinic acid is at first mixed with a quantity of oil. It 
may be made tolerably pure by dissolving it in hot water, and 
putting upon the filter a little cotton, previously moistened with 
oil of amber: this substance retains most of the oil, and allows 
the solution to pass clear. ‘The acid is then to be crystallized 


* Afhandlingar, i. 170. t Boyle abridged by Shaw, iii. 369. 

¢ Mem. Berlin. 1753. See an abstract of his paper in Lewis’s edition af 
Neuman’s Chemistry, p. 237. 

§ Bergman’s Notes on Scheffer. 
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by a gentle evaporation ; and this process is to be repeated till subaivis. 1. 
the acid be sufficiently pure. Guyton Morveau has shown that ae 
it may be made quite pure by distilling off it a sufficient quan- 
tity of nitric acid, taking care not to employ a heat strong 
enough to sublime the succinic acid.* 

2. The crystals of succinic acid are transparent, white, properties. 
shining, and of a foliated, triangular, prismatic form: they 
have an acid taste, but are not corrosive: they redden tine- 
ture of turnsol, but have little effect on that of violets. 

They sublime when exposed to a considerable heat, but not 
at the heat of a water-bath. In a sand-bath they melt, and 
then sublime and condense in the upper part of the vessel; but 
the coal which remains shows that they are partly decomposed.+ 

3. One part of this acid dissolves in 96 parts of water at the 
temperature of 50°, according to Spielman;{ in 24 parts at 
the temperature of 52°; and in 2 parts of water at the tem- 
perature of 212°, according to Stockar de Neuforn;§ but the 
greatest part crystallizes as the water cools. According to 
Roux, however, it still retains more of the acid than cold water 
is capable of dissolving. || 

Two hundred and forty grains of boiling alcohol dissolve 177 
of this acid; but crystals again shoot as the solution cools.** 

4. Sulphuric acid dissolves it with the assistance of heat; 
but does not appear to decompose it. The same remark ap- 
plies to nitric acid. Muriatic acid has but little action on it 
while cold ; but when heat is applied, the whole coagulates into 
the consistence of a jelly.t+ 

5. The compounds which this acid forms with alkalies, acids, 
and metallic oxides, have received the name of succinates. The 
alkaline succinates are soluble in water. This is the case also 
with the earthy succinates, except succinate of barytes. Hence 
barytes is the only earth precipitated from a neutral solution 
by succinate of ammonia. This salt likewise precipitates mer- 
cury and lead. It throws down iron from all solutions pro- 
vided the iron be in the state of peroxide, and there be no ex- 
cess of acid present. 

6. This acid has been analysed with much precision by Ber- constita. 
zelius.{{ According to his experiments it is composed of  °™ 


* Ann. de Chim, xxix. 165. + Pott. t Inst. Chem. § xii. 
§ De Succino. || Morveau, Encyc. Method. Chim, i. 72. 
#* Wenzel’s Verwandtschaft, p. 305. tt Pott. 

tt Annals of Philosophy, v. 99. 
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Hydrogen.. 4°512 or2 atoms = 0:25 
Carbon .... 47600 4 = 3°00 
Oxygen.... 47888 3 = 3°00 


ee 


6°25 


According to this analysis it is a compound of 9 atoms, and an 
integrant particle of it weighs 6°25. 

The constitution of succinate of lead as determined by Ber- 
zelius almost exactly agrees with this weight. According to 
him it is composed of 


Succinic acid ......++.. 100 ce born GIG 
Yellow.oxice of, lead is. .f< 12 29'62 viceune ES 


The equivalent for succinic acid according to these numbers is 
6°26, which scarcely differs from 6°25 determined by the ana- 
lysis of the acid. 

The only difference between succinic and acetic acids, as far 
as their composition is concerned, consists in this, that acetic 
contains 1 atom of hydrogen more than succinic acid does; 
the atoms of the other constituents are the same in both. 


SECT. IV. 
OF MOROXYLIC ACID. 


Axsout the year 1802, Dr. Thompson observed a saline ex- 
udation on the bark of the morus alla, or white mulberry tree, 
growing in the botanical garden of Palermo in Sicily. It 
coated the bark of the tree in small grains of a yellowish and 
blackish brown colour. A quantity of this matter was col- 
lected and sent to Mr, Klaproth, who published an analysis of 
16.1. 1803.* 

It has a taste resembling that of succinic acid; and when 
placed upon burning coals, it emits a vapour which irritates 
the organs of smell. In water it dissolves sparingly, forming 
a reddish brown ‘liquid, which yields by evaporation small 
needleform crystals, of the colour of pale wood, not deliques- 
cing in the air. By dissolving these crystals in water, and 
treating them with various reagents, Klaproth ascertained them 


* Scherer’s Journal der Chemie, No. 55, p.1. But I use the translation 
of the paper published in Nicholson’s Journal, vii. 129. 
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to be formed of lime united to a peculiar acid, which he called Subdivis. I. 
moroxylic,. because the salt containing it was a production of fi 
the wood of the mulberry tree. 

The salt dissolves but sparingly in water; hot water taking 
up only 0°035, and cold 0:015 of it. From the solution the 
alkaline carbonates precipitate lime; but barytes causes no 
precipitate ; a proof of the absence of sulphuric acid. It pre- 
cipitates powerfully the solutions of silver, mercury, copper, - 
iron, cobalt, and uranium, in nitric acid; and of lead and iron 
in acetic acid. Barytes water, acetate of barytes, muriate of 
tin, muriate of gold, and nitrate of nickel, produce scarcely 
any effect. 

To obtain the acid, the solution of the salt was treated with 
acetate of lead. Forty-five grains of the precipitate thus ob- 
tained were mixed with 20 grains of sulphuric acid diluted 
with 60 grains of water. The sulphate of lead formed re- 
mained in the state of a white powder, while the moroxylic 
acid was dissolved and obtained by evaporation in the state of 
fine needles of the colour of pale wood. 

The acid thus obtained has the taste of succinic acid: it is p 
not altered by exposure to the air: it dissolves readily in water 
and in alcohol: it does not precipitate the metallic solutions 
like its salt. 

When heated in a retort, alittle acid liquor first comes over, 

which has the taste of the concrete acid: next, the acid rises 
unaltered, and adheres to the top and neck of the retort in 
colourless and transparent prismatic crystals. A coaly resi- 
duum remains in the vessel. Hence it appears, that a gentle 
sublimation is the best mode of obtaining this acid in a state 
of purity. 
_ When the moroxylate of lime is distilled, a quantity of 
inflammable air mixed with carbonic acid is obtained, and 
an acid liquor comes over, on which swims a brown oil. 
There remains in the retort a spongy mass of a pale brown 
colour, consisting of carbonate of lime mixed with some charry 
matter. From these phenomena it appears, that this acid, like 
the rest, is composed of oxygen, hydrogen, and carbon, though 
the proportion of the constituents is unknown. ‘The com- 
pounds which it forms with alkalies have received the name of 
moroxylates. 

Such are the properties of this substance ascertained by 
Klaproth. The small quantity of the salt which he possessed 
prevented a more complete examination. 
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SECT, V. 
OF CAMPHORIC ACID, 


Campuor is a well-known white crystalline substance, of a 
strong taste and smell, obtained from a species of laurel in the 
Kast Indies. It is so volatile that it is not readily melted in 
open vessels, and so inflammable that it burns even on the sur- 
face of water. 

When camphor is set on fire in contact with oxygen gas, it 
burns with a very brilliant flame; much caloric is disengaged, 
water is formed, the inner surface of the vessel is covered with 
a black matter, which is undoubtedly charcoal, and a quantity 
of carbonic acid gas is also produced.* Hence it follows, that 
it is composed of hydrogen and carbon, at least principally. 

Mr. Kosegarten, by distilling nitric acid off camphor eight 
times successively, obtained an acid in crystals,} to which the 
name of camphoric acid has been given. 

1, His experiments have been repeated by Mr. Bouillon La- 
grange. The process for obtaining camphoric acid, as de- 
scribed by this chemist, is as follows: Put into a retort 1 part 
of camphor and 8 parts of nitric acid, of the specific gravity 
1:33. Distil with a sand heat. <A. great deal of nitrous gas 
and carbonic acid gas is emitted, and a little camphor sublimes. 
This process must be repeated three times on the same cam- 
phor; so that 24 parts in all of nitric acid are necessary. After 
the third distillation, when the retort is allowed to cool, a 


number of crystals make their appearance in it. ‘These are — 


camphoric acid. 'They amount to somewhat less than the half 
of the camphor employed. 

The experiments of Kosegarten and Bouillon Lagrange 
were confirmed in 1810, by Bucholz, who employed the fol- 
lowing process for converting camphor into camphoric acid. 
Two ounces of camphor are put into a retort with 1+ lb. of 
nitric acid of the specific gravity 1°250, and half a pound of 
fuming nitric acid of the specific gravity 1°550. A moderate 
heat is applied, and about one half of the acid is distilled off. 
This process is repeated three times, pouring back the acid 
which has distilled over each time. After the third distillation 
the camphoric acid is observed swimming on the acid in the 


* Bouillon La Grange, Ann. de Chim. xxiii. 153. 
+ Kosegarten, De Camphora, &c. 1785. 
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retort like a butyraceous mass, after the whole has become Sobdivis. 1. 

cold. It is separated from the nitric acid by means of a glass eae, 
funnel. When washed and dried it is camphoric acid in a state 

of purity. 

2. Camphoric acid thus obtained is in snow-white crystals, Properties. 
the primitive form of which is a parallelopipedon.* These 
crystals effloresce in the air.t ‘The usual crystalline form of 
this acid is feather shaped, like that of salammoniac.} 

Camphoric acid has a slightly acid bitter taste, and a smell 
like that of saffron. 

It reddens vegetable colours. f 

6. Itis sobablet in 100 parts of cold water, according to Bu- 
cholz;§ in 96 parts of water at the temperature of 60°, ac- 
cording to Bouillon Lagrange. Boiling water dissolves -1-th 
of its weight. || 

100 Grains of absolute alcohol dissolve 106 grains of cam- 
| phoric acid. The solution has the consistency of a thin syrup. 
Boiling alcohol dissolves any quantity of it whatever.** 

4. When this acid is placed on ignited coals, it emits a dense Action of 
aromatic fume, and is entirely dissipated. By a gentler heat it "* 
‘melts, and is sublimed. If it be put into a heated porcelain 
| tube, and oxygen gas be passed through it, the acid does not 
| undergo any change, but is sublimed. By mere distillation it 
first melts, and then sublimes unaltered.++ 

5. Camphoric acid does not produce any change on sul- 
phur; the mineral acids totally dissolve it; and so likewise do 

the volatile and the fat oils. 
| Camphoric acid does not precipitate lime from lime water. 
It produces no change on the solution of indigo in sulphuric 
acid. 

6. It forms combinations with the alkalies, earths, and me- 
tallic oxides, which are called camphorates. 


SECT. VI. 


OF BOLETIC ACID. 


Tus acid was discovered in 1811, by M. H. Braconnot, piscovery. 


* Kosegarten, De Camphora, &c. 1785. + Lagrange. 

+ Bucholz, Gehlen’s Journal fiir die Chemie, Physick, und Mineralogie, 
1x. 339. 

§ Ibid. || Ibid. ** Thid. tt Ibid. 
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while examining the expressed juice of the doletus pseudo-ig- 


,marius.™'’ THe shisiuba it by the following process. ‘The juice 


Properties. 


Salts. 


of the boletus was evaporated to a thick syrup by a very low 
heat. ‘The residual matter was digested in alcohol. The por- 
tion left undissolved by the alcohol was dissolved in water, and 
nitrate of lead dropped into the solution. A white precipitate 
fell, which being edulcorated was mixed with water, and de- 
composed by a current of sulphuretted hydrogen gas. The 
liquid being filtered and evaporated exhibited two distinct 
acids. ‘The one, which existed only in small quantity, was 
phosphoric acid, and deliquesced when exposed to the air. 
The other constituted permanent crystals. It was loletic acid. 
To obtain it in a state of purity it was dissolved in alcohol, 
and crystallized by evaporating the solution. In this state it 
possesses the following properties. 

1. Its colour is white, it is not altered by exposure to the 
air, and consists of irregular four sided prisms. 

2. Its taste is similar to that of tartar. It requires 180 times 
its weight of water to dissolve it at the temperature of 68°. It 
is soluble in 45 times its weight of alcohol. 

3. The aqueous solution reddens vegetable blues. Nitrate _ 
of lead occasions a precipitate in it which is redissolved by | 

agitation. It precipitates the red oxide of iron from its solu- | 
tions completely in the form of rust-coloured flocks; but it — 
does not throw down the black oxide of this metal. It pre-_ 
cipitates nitrate of silver in the state of a white powder which | 
is soluble in nitric acid. Nitrate of mercury is precipitated in | 
the same state; but the precipitate dissolves with difficulty in | 
nitric acid. Neither lime water nor barytes water produces 
any effect upon the aqueous solution of this acid. 

4. When heated it rises in white vapours, which irritate the | 
throat, and condense on surrounding bodies in the form of a 
farinaceous powder. When distilled the greatest part sub- 
limes unaltered, excepting that it afterwards crystallizes more 
regularly. At the same time a little liquid appears having a 
strong smell of acetic acid. 

5. ‘Boletate of ammonia is a salt which crystallizes in flat 
four-sided prisms, and is soluble in 26 times its weight of water | 
at 68°. Its taste is cooling, saline, and somewhat sharp. When 
heated it melts, swells, and sublimes. It precipitates red oxide 
of iron; but does not alter sulphates of lime, alumina, or man- 


* Ann. de Chim, Ixxx. 272, 
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ganese. It slowly precipitates nitrate of copper in blue silky 
needles. 

6. Boletate of potash is very soluble in water, and crystal- 
lizes with difficulty. Acids precipitate the boletic acid from it. 

7. When boletic acid is heated with carbonate of lime it 
dissolves it with effervescence. The boletate of. lime crystal- 
lizes in flat four-sided prisms. ‘This salt has little taste, and 
requires at least 110 times its weight of water at the tempera- 
ture of 721° to dissolve it. It is decomposed by oxalic and 
sulphuric acids. ; 

8. Boletate of barytes is an acidulous salt in white plates 
little soluble in water or nitric acid. When thrown on a red-~ 


hot iron it burns rapidly with a red flame and striking scintil- 


lations, leaving for residue carbonate of barytes. 
’ 9. When this acid is heated with iron filings and water, hy- 
drogen gas is emitted, and a yellow liquor is obtained with an 
inky taste. 

Such are the properties of boletic acid as they have been as- 
certained by Braconnot. Hitherto no other chemist has re- 
peated his experiments. 
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Cork, a substance too well known to require any descrip- History. 


tion, is the bark of a tree which bears the same name. By 
means of nitric acid Brugnatelli converted it into an acid,* 
which has been called the szuberic acid, from suber, the Latin 
name of the cork tree. Several chemists affirmed that this 
acid was the oxalic, because it possesses several properties in 
common with it. These assertions induced Bouillon Lagrange 
to undertake a set of experiments on suberic acid. ‘These ex- 
periments, which have been published in the 23d volume of 
the Annales de Chimie, completely establish the peculiar na- 
ture of suberic acid, by showing that it possesses properties 
different from those of any other acid. Chevreul has pub- 
lished a new set of experiments on it still more lately, which 
both serve still further to establish its peculiar nature, and 
make us better acquainted with its properties.+} 

Chevreul obtained this acid by digesting 1 part of cork in 6 


© * Crell’s Annals, 1787. + Nicholson’s Journal, XXili. 149. 
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parts of acid. After the acid had ceased to act, the whole was 
evaporated to the consistence of an extract, hot water was 
poured over it, and the mixture was digested for some time in 
a sand heat. When set aside, a matter like wax formed on 
the surface, and white tasteless flocks precipitated to the bot- 
tom. These substances were separated, and the liquid con- 
centrated by evaporation. Suberic acid precipitated in pow- 
der, and towards the end of the process crystals of oxalic acid 
formed. I observed the fermation of oxalic acid some years 
ago, while treating cork with nitric acid. 

Suberic acid thus formed may be purified by washing it in 
cold water. It is then white like starch, and has an acid taste 
without any bitterness. Light does not alter its whiteness. 
Water, at the temperature of 140°, dissolves =1.th of its weight 
of this acid, and ~,th at the temperature of 55°5°. When 
heated it melts, and on cooling crystallizes in needles. When 
heated in a retort it is volatilized, and condenses on the upper 
part in long needles. It does not precipitate lime, barytes, or 
strontian water, nor the salts containing these alkaline earths. 
The alkalies dissolve it very well, and form with it neutral 
salts. It precipitates nitrate of silver, muriate of tin, sulphate 
of iron, nitrate and acetate of lead, and nitrate of mercury, but 
it does not precipitate sulphate of copper or sulphate of zinc. 

Nitric acid has no action on it. It dissolves in alcohol. It 
does not alter the colour of sulphate of indigo, provided it is 
free from yellow bitter matter.* These properties show a 
strong resemblance between this acid and the benzoic, though 
it differs in several respects. 


SEC Vat 
OF MECONIC ACID. 


Tuts acid exists in opium, probably in combination with 
morphia. It was discovered by M. Sertiirner, and called by 
him meconic aetd, from the Greek word pyxor, a poppy. Va- 
rious modes of extracting this acid from the infusion of opium 
have been proposed ; but none of them seems to be very good. 
The following process, which was contrived by Robiquet, 
yields meconic acid, but we do not succeed by it in obtaining 
the whole of that acid which exists in the liquid. 


* Nicholson’s Jour. xxiii, 149. 
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Boil the infusion of opium with rather a greater quantity of subaivic. 1. 
magnesia than is sufficient to precipitate the whole of the mor- [1 "" 
phia. Digest the precipitate in alcohol till the whole of the Prepara- 
morphia is dissolved. ‘There remains behind a quantity of a 
magnesia united with meconic acid. Sulphuric acid dissolves 
this matter, and forms with it a brown coloured solution. Mu- 
| riate of barytes being dropt into the solution, a precipitate falls, 
consisting of sulphate of barytes, and meconate of barytes 
slightly tinged red. Weak sulphuric acid being long digested 
upon this precipitate, decomposes the meconate ; the meconic 
acid dissolves in the water, while the sulphate of barytes re- 
mains behind. _The water being evaporated, allows the meco- 
nic acid to deposite in the form of brown crystals. In this 
state it is contaminated with a colouring matter which renders 
it much less soluble in water than when pure, and causes the 
meconate of magnesia and of barytes to precipitate; for when 
these salts are pure, they are soluble in water. These brown 
crystals are to be dried at a low temperature, and then to be 
exposed to a higher temperature, but one not sufficiently high 
to decompose the colouring matter. The meconic acid sub- 
limes, and is deposited on the upper part of the retort. 

Meconic acid thus obtainea is white, and is usually crystal- 

} lized in long needles, or square plates, though sometimes it af- 
| fects other forms. It melts when heated to the temperature of 
| about 250°, and as soon as melted, it begins to sublime without 
| any decomposition. 

It is exceedingly soluble, both in water and alcohol. Its properties. 
taste is acid, and it reddens vegetable blues. It combines with 
| the different bases, and forms salts, distinguished by the name 
of meconates. ‘The meconates of potash, soda, and ammonia, 
| aresoluble in water. This is the case also with the meconates 
| of barytes, lime, and magnesia. 

When meconic acid is dropt into solutions of the peroxide 
of iron, it strikes a strong red colour, similar to the change 
produced upon the same saline solutions by the sulpho-chya- 
zic acid. But it does not occasion any precipitation in these 
| liquids. When dropt into a solution of sulphate of copper, 
the colour of the liquid changes to a fine emerald green. No 
| precipitate falls at first ; but a pale yellow powder at last falls. 
This acid likewise produces slowly a precipitate in the solution 
of corrosive sublimate.* 


* Robiquet, Ann. de Chim. et de Phys. v. 282. 
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SiC Us [X. 
OF LAMPIC ACID. 


Tis is an acid formed when ether is consumed by means 
of a coil of platinum wire heated and plunged into the va- 
pour of ether. The wire becomes red hot, and continues at 
that temperature till the whole of the vapour of ether be con- 
sumed. ‘This curious experiment was first made by Sir H, 
Davy, and he recognised, that during the decomposition of the 
ether, a peculiar acid was formed. Some experiments on this 
acid were made afterwards by Mr. Faraday. But it isto Mr. 
Daniell that we are indebted for a satisfactory description of 
its properties. He employed the common spirit of wine lamp, 
with a coil of platinum wire fitted to it in the usual manner. 
It was filled with ether, and after being properly trimmed and 
kindled, was blown out. The platinum wire, as is well known, 
becomes immediately red hot, and continues so till the whole 
of the ether is consumed. Mr. Daniell placed it in the head 
of a common alembic, and adjusted a receiver to the beak of 
the vessel. When the lamp was properly placed, he succeeded 
in keeping the wire red hot for six weeks together, and he col- 
lected about a pint and a half of the condensed vapour. ‘Te 
this liquid he has thought proper to give the name of lampie 
acid. 

Lampic acid thus collected, is a colourless liquor, having an 
intensely sour taste, and a pungent odour. Its vapour when 
heated is extremely irritating and disagreeable, and when re- 
ceived into the lungs, produces an oppression at the chest, very 
much resembling the effect of chlorine. 

Its specific gravity varies from below 1:000 to 1008. It 
may be purified by careful evaporation, and the vapour which 
rises according to Mr. Daniell, is that of alcohol, not of ether. 
When thus rectified, its specific gravity is 1:015, It reddens 
vegetable blues. 

Mr. Daniell combined this acid with the different bases. AII 
the earthy and alkaline lampates are soluble in water, and pos- 
sess, as far as Mr. Daniell has described them, very nearly the 
properties of the corresponding acetates. 

This acid throws down gold, platinum, silver, mercury, from 
their acid solutions in the metallic state. Lampate of copper 
crystallizes in blue rhomboids. Lampate of Jead is a white 
crystallizable salt of a sweet taste. 
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When sulphuric acid is mixed with lampic acid, the colour suhaivis. 1 
becomes black, and charcoal is evolved. When lampic acid "5 
precipitates the gold, platinum, silver, and mercury in the me- 
tallic state, carbonic acid gas is evolved. 

Mr. Daniell determined the compositions of lampate of soda, 
and lampate of barytes, as follows: 


Lampate of soda. Lampate of barytes. 
ACI s-n5chO2E > « Gt55H Rew se 8980 4., G9GS 
RO ic hase BD). (4, 41,4 Barytes.. 60°5 .. 9°75 


Lampate of barytes by another experiment was found a com~- 
pound of 

PO ccdswiwe 40°92) co4s. O O54 

PVCS. 5 ie OOS oe ee OFFS 
Thus the equivalent number for lampic acid is 6°554 from the seems tae 
lampate of soda, and 6°365, or 6°554, from the two different “" 
analyses of lampate of barytes. ‘The reader cannot fail to ob- 
serve how nearly these numbers approach to 6°375, the weight 
of an integrant particle of acetic acid. This near coincidence, 
together with the properties of the lampates, as described by 
Mr. Daniell, leads me to suspect that lampic acid is nothing 
else than the acetic acid disguised a little by the presence of 
some ether and alcohol, or some oily matter, formed during 
the slow combustion of the ether. ‘The presence of ether, or 
even alcohol, would account for the precipitation of the noble 
metals in the metallic state; while the salts formed seem to 
be acetates: the only fact, which seems inconsistent with this 
supposition, is the blue colour which Mr. Daniell informs us 
distinguishes the lampate of copper. For it is well known that 
the acetate of copper has a verdigris green colour. 

Mr. Daniell attempted to analyse the lampic acid by burn- 
ing lampate of barytes, with chlorate of potash. He consumed 
7°3 grains of this salt, containing 2°9 grains of lampic acid. 
The only product obtained was 91 cubic inches of carbonic 
acid gas. Tour cubic inches of the oxygen yielded by the 
chlorate of potash had disappeared, besides the quantity which 
existed in the carbonic acid. Now 4 cubic inches of oxygen 
gas in order to form water, must have united with 8 cubic in- 
ches of hydrogen gas. So that the constituents evolved by 
this experiment from 29 grains of lampic acid, were 


9°1 cubic inches carbon .... = 1°157 grains. 
8 cubic inches hydrogen... = 0°169 grains. 
OULU S3ay = 5. i. OS 
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This suibtracted from 29 grains, the original weight of the 
acid leaves 1°574 grains. ‘This Mr. Daniell supposes to have 
been evolved in the state of water. Now 1°574 grains of water 
is very nearly equal to 8 cubic inches of steam; and 8 cubic 
inches of steam are resolvable into 4 cubic inches of oxygen gas, 
and 8 cubic inches of hydrogen gas. If we add these to the 
carbon and hydrogen formerly evolved, we see that the 2:9 
grains of lampic acid were resolved into 


9 volumes carbon .... = 4°5 atoms carbon.. = 3°375 

16 volumes sen se = 8 atoms hydrogen = 1° 

4 volumes oxygen. = 4 atomsoxygen . = 4° 
8°375 


But as the number 8°375, the weight of the atom of lampic 
acid, does not correspond with the equivalent number for the 
acid deduced from the analysis of lampate of soda and lam- 
pate of barytes, it is obvious that Mr. Daniell must have fallen 
into some inaccuracy. Indeed I doubt whether the mode 
adopted by Mr. Daniell be susceptible of much precision. It 
has been abandoned by Gay-Lussac himself, who was its ori- 
ginal inventor.* 


SECT. X. 
OF PYROTARTARIC ACID. 


Tue salt called tartar separates from wine while in the cask, 
and is afterwards purified by solution in water and subsequent 
evaporation. ‘This salt occupied the attention of chemists very 
much from the time of Paracelsus, who first brought it into 
vogue. It was considered as an acid salt of a peculiar nature. 
The potash which constitutes its base was easily discovered by 
subjecting the salt to combustion. But the efforts of chemists 
to obtain the acid which it manifestly contained were long un- 
successful. When tartar was distilled in a retort, an acidulous 
liquid was obtained; but it was manifestly different from the 
acid in tartar, as tartar was not formed when it was united to 
potash. At last in 1770, Scheele discovered a process by 
which pure tartaric acid could be obtained from tartar. Its 
properties being manifestly different from that of fhe acid ob- 
tained by distilling tartar, as far as could be collected from the 


* Journal of Science and the Arts, vi. 318. 
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rude experiments of the Dijon Academicians,* the French Subaivis. 1. 


chemists when they contrived the new chemical nomenclature 
distinguished them by the names of tarfurous and pyrotartarous 
acids ; which were afterwards changed into those of tartaric 
and pyrotartaric acids.} In the year 1799 a set of experiments 
was published by Fourcroy and Vauquelin on pyromucous, py- 
rotartarous, pyrolignous acids, the object of which was to prove, 
that these acids are merely the acetic disguised by some em- 
pyreumatic oil, with which it has combined.{ ‘This conclusion 
appears to have been acquiesced in by chemists without exa- 
mination: though the proofs as far as regards the pyrotartaric 
acid are far from satisfactory; till Gehlen called it in question 
in 1806, affirming that pyrotartaric acid differs essentially from 
acetic, and stating some characters by which they could be 
easily distinguished.§ This induced Fourcroy and Vauquelin 
to repeat their experiments in 1807.|| The result was a full 
confirmation of the opinion of Gehlen. 


Chap. Lif. 


Cain, asi? 


Pyrotartaric acid may be obtained by the following process. Preparas 


Distil a quantity of tartar in a retort. Saturate the acid liquid 
in the receiver with potash, separate the salt by crystallization, 
and purify it by repeated solutions and crystallizations. Mix 
this salt with diluted sulphuric acid, and distil in a retort. 
An acid liquid passes over, and towards the end of the process 
a white sublimate rises and attaches itself in scales to the top 
of the retort. This sublimate is pyrotartaric acid. When the 
acid liquor in the receiver is subjected to spontaneous evapo- 
ration it deposites crystals of pyrotartaric acid. 


tion. 


The taste of pyrotartaric acid is extremely acid. When Properties. 


heated it melts, and sublimes in a white smoke, without leaving 
any residue. It dissolves readily in water, and crystallizes 
again when subjected to spontaneous evaporation. It does not 
precipitate acetate of lead nor nitrate of silver; but it preci- 
pitates nitrate of mercury. Some time after it has been mixed 
with acetate of lead, needleform crystals make their appearance. 
When combined in excess with potash, no salt similar to 
tartar is formed. In this state it instantly forms a precipitate 


* Elemens de Chymie de l’Acadamie de Dijon, iii. 55. 

+ It was Morveau in the first volume of the chemical part of the Ency- 
clopedie Methodique, published in 1786, that first drew the attention of 
chemists to pyrotartaric acid, and endeavoured to characterize it as a peculiar 
acid. His characters were inaccurate, because he had never obtained it in a 
state of purity. 

} Ann. de Chim. xxxv. 161. ~ & Ibid. lx. 79. {| Ibid. Ixiv. 42. 
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when dropped into acetate of lead. Pyrotartrate of potash is 
soluble in alcohol. It does not precipitate the salts of barytes 
and lime, as tartrate of potash does.* 


SCA. Al 


OF PYROMUCIC ACID. 


Tuis acid was obtained by M. Houton Labillardiere, by 
distilling in a retort the acid called saclactic or mucic acid. 
The matter which comes over into the receiver is to be mixed 
with four times its weight of water, and then evaporated to 
the requisite degree. ‘The pyromucic acid is deposited in 
crystals, and more crystals are obtained when the mother 
liquor is concentrated still farther. 

Pyromucic acid thus obtained melts at the temperature of 
266°, and if the heat be continued, sublimes in the form of 
yellow crystals, which on being dissolved in water, and crys- 
tallized, become perfectly white and pure. 

Pyromucic acid is white, has an acid taste, and is destitute 
of smell. It melts at 266°, and sublimes, condensing into a 
liquid which becomes solid on cooling. It does not deliquesce. 
It reddens vegetable blues. It is more soluble in hot than in 
cold water. Alcohol dissolves it more abundantly than water. 
Most of the salts which it forms are soluble and crystallizable. 
They have received the name of pyromucates. Pyromucate of 
barytes, according to the analysis of Houton Labillardiere, is 
composed as follows : 


ci SEIN Sy it ee tae ers | 
Barytes...... RODE, ES TS 
99°9 


According to this analysis, the equivalent number for this acid 
18 13°331. 

When analysed by means of igh 5 of copper, its consti- 
tuents were found to be 


War ON «visi skssdaishineheh DOLLS 


CPV ON ov a ahatatesae »+« 45°806 
Ppp powen !\ 10 3G ate cate a3) 02" bik 
100°035 


* Ann, de Chim, Ixiy. 42. 
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The number of atoms coming nearest to these proportions, Subiivis. t. 
‘ . : . Chap. 1. 
and to the equivalent number for the acid, as indicated by the 
composition of pyromucate of barytes, is as follows: 


9 atoms carbon ...... = 675 .... 51°43 


6 atoms oxygen...... = 6 vees One 
S dome bycrogen ,... == O°375 .... 2°86 
13°125 100°00 


According to this the equivalent number for the acid is only 
13'125, instead of 13°331. This deviation dees not exceed 2 
per cent, and may be allowed in a first analysis of a salt, which 
it must be difficult to free completely from its water of crystal- 
lization.* 


SECT. XII. 
OF OXALIC ACID. 


WHEN nitric acid is poured upon sugar, and a moderate History. 
heat applied, the sugar soon melts, an effervescence ensues, a 
great quantity of nitrous gas and carbonic acid gas is emitted ; 
and when the effervescence ceases, and the liquid in the retort 
is allowed to cool, a number of small transparent crystals ap- 
pear init. ‘These crystals constitute a peculiar acid, which 
has received the name of oxalic acid, because it exists ready 
formed, as Scheele has proved, in the oxalis acetosella, or wood- 
sorrel. At first, however, it was called the acid of sugar, or 
the saccharine acid. 

As the earliest and best account of the oxalic acid was pub- 
lished by Bergman, he was for a long time reckoned the dis- 
coverer of it; but Mr. Ehrhart, one of Scheele’s intimate 
friends, informs us, that the world is indebted for its know- 
ledge of this acid to that illustrious chemist,t and Hermbstadt 
and Westrumb assign the discovery to the same author.{ The 
assertions of these gentlemen, who had the best opportunity 
of obtaining accurate information, are certainly sufficient to 
establish the fact, that Scheele was the real discoverer of oxalic 
acid. 

1. Bergman gives us the following process for obtaining prepara. 

tion. 
* Ann. de Chim. et de Phys. ix. 365. 
t Elwert’s Magazine for Apothecaries, 1785, part i. p. 54. 
{ Keir’s Dictionary. 
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this acid: ‘* Put one ounce of white sugar powdered into a 
tubulated retort, with three ounces of strong nitric acid, the 
specific gravity of which is to that of water as 1°567 to 1. 
When the solution is over, during which many fumes of the 
nitrous acid escape, let a receiver be fitted, and the liquor 
made to boil, by which abundance of nitrous gas 1s expelled. 
When the liquor in the retort acquires a reddish-brown colour, 
add three ounces more of nitric acid, and continue the boiling 
till the fumes cease, and the colour of the liquor vanishes. 
Then let the contents of the retort be emptied into a wide 
vessel; and, upon cooling, a crystallization will take place of 
slender quadrilateral prisms, which are often affixed to each 
other at an angle of 45°. These crystals, collected and dried 
on blotting paper, will be found to weigh 14. dr. 19 gr. By 
boiling ie remaining lixivium with two ounces of nitric acid 
in the retort till the ra fumes almost disappear, and by re- 
peating the crystallization as before, 1 dr. 13 gr. of solid acid 
will be obtained. If the process be repeated once more upon 
the residuum, which has now a glutinous consistence, with the 
successive additions of small quantities of nitric acid, amount- 
ing in all to two ounces, a saline brown deliquescent mass will 
be formed, weighing half a dram, of which about a half will be 
lost by a farther purification. ‘The crystals obtained thus at 
different times may be purified by solution and crystallization, 
and by digesting the last lixivium with some nitric acid, and 
evaporation with the heat of the sun.” 

By the same process Bergman obtained it from gum arabic, 
oe and honey : Scheele, Hermbstadt, estan Hoff- 

ian, &c. from a great variety of other vegetable productions; 

oer Berthollet from a great number of animal substances. 

It is of great consequence not to use too much nitric acid, 
otherwise the quantity of oxalic acid will be diminished; and 
ifa very great quantity of nitric acid be used, no oxalic acid . 

will be ob Seer at all.* On the contrary, Hermbstadt affirms, 
that if too small a quantity of nitric acid be. used, the acid 
obtained will not be the oxalic, but the tartaric. But I have 
not found this confirmed upon trying the experiment. 100 
grains of sugar, when properly treated, yield 58 grains of 
crystallized oxalic acid. 

2, Oxalic acid, thus prepared, is in the form of four-sided 
prisms, whose sides are alternately larger, and they are ter- 


* Bergman. 
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minated at the extremities by two-sided summits. They are 
transparent, and of a fine white colour, with considerable 
lustre: they have a very acid taste, and redden vegetable blues. 
These crystals contain water and are in the state of a hydrate. 
When cautiously heated on a sand-bath they fall to powder 
and lose about a third of their weight; but in this case a por- 
tion of the acid is sublimed. Berzelius * has shown that they 
are composed of 


Mees) ACG 36.5. . OS «soos LOO 
IV Aer Vs cae 4" iver e 823 


Hence they seem to be a compound of 1 atom acid + 4 atoms 
water. 

3. When this crystallized acid is exposed to heat in an open 
vessel, there arises a smoke from it, which affects disagreeably 
the nose and lungs. The residuum is a powder of a much 
whiter colour than the acid had been. By this process it 
loses 1d of its weight, but soon recovers it again on exposure 
to the air. When distilled, it first loses its water of crystalli- 
zation, then liquefies and becomes brown; a little phlegm 
passes over, a white saline crust sublimes, some of which passes 
into the receiver; but the greatest part of the acid is destroyed, 
leaving in the retort a mass =1,th of the whole, which has an 
empyreumatic smell, blackens sulphuric acid, renders nitric 
acid yellow, and dissolves in muriatic acid without alteration. 
That part-of the acid which sublimes is unaltered. When 
this acid is distilled a second time, it gives out a white smoke, 
which, condensing in the receiver, produces a colourless un- 
crystallizable acid, and a dark-coloured matter remains be- 
hind.+ During all this distillation a vast quantity of elastic 
vapour makes its escape. From 279 grains of oxalic acid, 
Bergman obtained 109 cubic inches of gas, half of which was 
carbonic acid, and half carburetted hydrogen. Fontana from 
an ounce of it obtained 430 cubic inches of gas, one-third of 
which was carbonic acid, the rest carburetted hydrogen. 

4, The crystals of oxalic acid are soluble in their own weight 
of boiling water: water at the temperature of 65°7° dissolves 
half its weight of them. The specific gravity of the solution 
is 1:0593.t One hundred parts of boiling alcohol dissolve 
56 parts of these crystals; but at a mean temperature only 


* Ann. de Chim, lxxxi. 300. + Bergman. (i nedebrd. 1. 255. 
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40 parts.* Liquid oxalic acid has a very acrid taste when it 
is concentrated, but a very agreeable acid taste when suffi- 
ciently diluted with water.+ When swallowed in consider- 
able quantities, as to the amount of an ounce, it proves almost 
immediately fatal. 

It changes all vegetables blues except indigo to a red. One 
grain of crystallized acid, dissolved in 1920 grains of water, 
reddens the blue paper with which sugar loaves are wrapped : 
one grain of it, dissolved in 3600 grains of water, reddens 
paper stained with turnsol.t According to Morveau, 1 part 
of the crystallized acid is sufficient to. communicate a sensible 
acidity to 2633 parts of water. § 

Its fixity is such, that none of it is sublimed when water 
containing it in solution is raised to the boiling temperature. 

5. Oxalic acid is not affected by exposure to the air, or to 
the action of oxygen gas. The effect of the simple combus- 
tibles on it has not been tried; but in all probability it is in- 
considerable. 

It is capable of oxidizing lead, copper, iron, tin, bismuth, 
nickel, cobalt, zinc, manganese. 

It does not act upon gold, silver, platinum, mercury. 

6. Oxalic acid combines with alkalies, earths, and metallic 
oxides, and forms salts known by the name of oxalates. 

7. Muriatic and acetic acids dissolve oxalic acid, but without 
altering it.{| Sulphuric acid partly decomposes it by the 
assistance of heat, and a quantity of charcoal is formed. 
Nitric acid decomposes it at a boiling heat, and converts it 
into water and carbonic acid.** From this result, and from 
the products obtained by distilling pure oxalic acid, it follows, 
that this acid is composed of oxygen, hydrogen, and carbon. 
When the dry oxalates are exposed to a red heat the oxalic 
acid is completely decomposed. So far as my experiments 
have gone, the oxalic acid is decomposed precisely in the 
same way, and the same new products formed whatever oxalate 
we use; but the oxalate of lime is most convenient, ‘because 
we can ascertain its composition with the greatest accuracy, 
When oxalate of lime is distilled in a small retort by means 
of a heat gradually raised to redness, the oxalic acid is com- 
pletely decomposed and converted into five new substances; 


* Bergman, 1. 255. 7 + Ibid. + Ibid. 
§ Encyc. Method, art. Acide Saccharin. 
|| Bergman, ** Fourcroy, vil, 224, 
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‘namely, water, carbonic acid, carbonic oxide, carbureited hydro- suvaivis. t. 
- : ° . Chap. Sf. 

gen, and charcoal. ‘The water is small in quantity, the car- 

bonic acid large, and partly in the state of gas, partly combined 

with the base of the oxalate. The carbonic oxide and car- 

buretted hydrogen are in the state of gases, and in the pro- 

portion of about 21 of the former to 1 of the latter. The 

charcoal is small in quantity, and mixed with the residue in 

the retort, to which it gives a grey colour. By carefully 

ascertaining the proportion of each of these products, and 

estimating their composition according to the most exact | 

analyses hitherto made of each, I found that the composition compos- 


of oxalic acid may be stated as follows : tion. 
Oe sy, went ss 64 
Carbo; {%% 32 
Hydrogen . . 4 
100 


It has been lately analysed by Gay-Lussac and Thenard,* 
and by Berzelius.} ‘The results which they obtained are as 
follows : , 

Hydrogen. Carbon. Oxygen. 
Gay-Lussac .... 2°745 + 26°566 + 70°689 
Berzelius ...... 0°244 + 33°222 + 66'534 


If we consider the experiments of Berzelius as exact, it fol- 
lows that oxalic acid is composed as follows: 


Hydrogen ~', of an atom = 0°0104 


Carbon 2 atoms = 15 
Oxygen 3 atoms * o== 13° 
4° 5104 


The constitution of oxalate of lead, as determined by Ber- 
-gelius, agrees very well with this result. According to him 
it is composed of 


erenerid’. ;...%4 100. seu) 4°552 
Oxide of lead.... 307°5 ...... 14000 


The equivalent for oxalic acid we perceive is 4°552, which 
differs very little from 4°5104, the number derived from the 
analysis of oxalic acid. 


* Recherches Physico-chimiques, li. 302. 
+ Annals of Philosophy, v. 99. 
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I am disposed to consider the hydrogen detected in the 


\.~ analysis of this salt by all the experimenters, to be derived from 


History. 


a portion of water of which it had been impossible to deprive 
the acid. For the proportion of hydrogen diminishes in pro- 
portion to the care taken to dry the salt used before it is 
subjected to decomposition. Accordingly the quantity of hy- 
drogen found by Berzelius, who was at the greatest pains to 
dry his salt before analysis, amounts only to ~,th of an atom, 
a quantity so insignificant, that we cannot suppose it to enter 
as a real constituent of the acid. But if the acid be destitute 
of hydrogen, it is obvious that it is a compound of 1 part by 
weight of carbon and 2 parts of oxygen, or of 2 atoms car- 
bon + 3 atoms oxygen, or of an integrant particle of carbonic 
acid and an integrant particle of carbonic oxide. Hence the 
true equivalent number for it must be 4°5. 


SECT. XIII. 
OF MELLITIC ACID. 


THERE is a mineral of a honey-yellow colour which is found 
in small solitary crystals among the layers of Wood-coal at 
Arten in Thuringia. At first sight it has some resemblance 
to amber; but Werner recognised it as a peculiar substance 
about the year 1790, and gave it the name of honigstein (honey- 
stone), which foreign mineralogists converted into mellite. 
This mineral is very rare. Hitherto indeed it has been found 
only in Thuringia and in Switzerland.* 

Mellite has usually a honey-yellow colour, but sometimes 


a straw-yellow. It is always crystallized in octahedrons, but | 


they are rarely entire; sometimes indeed almost the whole of 
one of the pyramids is wanting. ‘Their surface is generally 
smooth and brilliant, and interiorly they have a glassy lustre. 
They are semitransparent, brittle, soft, and easily reduced to 
powder. When pounded, they assume a yellowish-grey co- 
lour. Their specific gravity is about 1°550.+ 

Mineralogists soon discovered that mellite is partly com- 
bustible; but they did not agree about its component parts. 
Lampadius { and Abich § undertook its chemical analysis about 
the same time. 


* Brochant’s Mineralogy, ii. 75. + Klaproth’s Beitrage, ni. 115. 
t Crell’s Annals, 1797, ii. 10. § Crell’s Annals, 1797, p. 16. 


a 


( 


| | 


MELLITIC ACID. Iwi 


But the results of their analyses differed so much from each Subaivis. 1. 
other, that little confidence could be placed in either. Be- oe, 
sides, it was evident from the way in which their experiments 
were conducted, that the original component parts of mellite 
had been altered by fire. Klaproth analysed it in 1799, and 
ascertained it to be a compound of alumina and a peculiar 
acid, to which he gave the name of mellitic.* And this ana- 
lysis was soon after confirmed by Mr. Vauquelin.+ 

1. Hitherto mellitic acid has been found only in the mellite. prepara- 
It may be procured from that mineral by the following pro- “™ 
cess: reduce the mellite to powder, and boil it in about 72 
times its weight of water. ‘The acid combines with the water, 
and the alumina separates in flakes. By filtering the solution, 
and evaporating sufficiently, the mellitic acid is obtained in 
the state of crystals. 

2. These crystals are either very fine needles, sometimes Properties. 
collected into globules, or small short prisms. ‘They have a 
brownish colour, and a taste at first sweetish-sour, and after- 
wards bitterish. 

3. This acid is not very soluble in water; but the precise 
degree of solubility has not been ascertained. 

4, When exposed to heat, it is readily decomposed, exhal- 
ing an abundant smoke, which however is destitute of smell. 

A small quantity of insipid ashes remain behind, which do 
not alter the colour of litmus paper. 

5. All attempts to convert it into oxalic acid by the action 
of nitric acid have failed. ‘The nitric acid merely caused it to 
assume a straw-yellow colour. 

6. The effect of the simple bodies on this acid has not been 
tried. | 

7. It combines with alkalies, earths, and metallic oxides, 
and forms with them salts which are distinguished by the name 
of mellates. ‘The properties of these compounds will be con- 

_ sidered afterwards. 

8. From the analysis of Mr. Klaproth, we learn that the 

mellite is composed of 


46 mellitic acid 


16 alumina 
38 water 


ae 


100 


* Beitrage, i. 114. + Ann. de Chim. xxxvi, 203. 
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Book 1. Now when mellite is distilled in a retort, the acid is com- 

ongies pletely decomposed, and its elements combine together in a 
different way. By this method Mr. Klaproth obtained from 
100 grains of mellite 


54 cubic inches of carbonic acid gas 

OO ea eratta es Wiss a hydrogen gas 

38 grains of acidulous and aromatic water 
ds ste s .. aromatic oil 
AEE charcoal 

TG ce +s fa ol tS 


From this analysis it is obvious, that mellitic acid is com- 
posed of carbon, hydrogen, and oxygen, like most of the 
combustible acids. 

ues, Though these data are not sufficiently precise to enable us — 

i to determine the constituents of this acid with precision, they 
will furnish at least an approximation. If we suppose Kla- 
proth’s analysis of mellite to be correct, it follows from it that 
the equivalent number for mellitic acid is 6:102. For 
16 : 46 :: 2:125:6°102. Let us suppose 6°125 to represent 
the weight of an atom of mellitic acid. This may be made 
up of the following atoms: 


1 atom hydrogen = 0°125 
4 atoms carbon = 3:000 
3 atoms oxygen = 3°000 


According to this supposition 100 parts of it would consist 
of ! | 
Hiydrogen....... 2°04 
Carbon ........ 48°98 
Oxygen «22.0. + 48°98 


100°00 


Now (neglecting the 38 grains of acidulous water) Klaproth’s 
analysis gives us the constituents as follows: 
Hydrogen ...... 0°35 
Carbon... .asue esses 
ORY GEN. seicgis ous is'o soe 


100°00 


If we consider the imperfection of the data, we must admit _ 
that this affords as near a coincidence with the preceding 
numbers as could be expected. 


Jia. 
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TARTAR, OR CREAM OF TARTAR, as it is commonly called 
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when pure, has occupied the attention of chemists for several —— 
centuries. Duhamel and Grosse, and after them Margraff aia 


and Rouelle the younger, proved that it was composed of an 
acid united to potash ; but Scheele was the first who obtained 
this acid in a separate state. He communicated his process 
for obtaining it to Retzius, who published it in the Stockholm 
Transactions for 1770. It consisted in boiling tartar with 
chalk, and in decomposing the tartrate of lime thus formed 
by means of sulphuric acid. 


1. The process employed at present for obtaining tartaric Prepara- 


acid, which is the same with that of Scheele, is the following: 
dissolve tartar in boiling water, and add to the solution 
powdered chalk till all effervescence ceases, and the liquid 
does not redden vegetable blues. Let the liquid cool, and 
then pass it through a filter. A quantity of tartrate of lime 
(which is an insoluble white powder) remains upon the filter. 
Put this tartrate, previously well washed, into a glass cucur- 
bite, and pour on it a quantity of sulphuric acid equal to the 
weight of the chalk employed, which must be diluted with 
water. Allow it to digest for 12 hours, stirring it occasionally. 
The sulphuric acid displaces the tartaric: sulphate of lime 
remains at the bottom, while the tartaric acid is dissolved in 
the liquid part. Decant off this last, and try whether it con- 
tains any sulphuric acid. ‘This is done by dropping in a 
little acetate of lead; a precipitate appears, which is insoluble 
in acetic acid if sulphuric acid be present, but soluble if it be 
absent. If sulphuric acid be present, the liquid must be di- 
gested again on some more tartrate of lime; if not, it is to be 
slowly evaporated, and about one-third part of the weight of 
the tartar employed is obtained of crystallized tartaric acid. 
Lime may be substituted for chalk in this process. In that 
case the decomposition of the tartar is complete; whereas by 
Scheele’s method, the excess of acid only combines with the 


chalk; but when lime is used, the whole tartrate of lime by 


no means separates. A considerable portion is retained in 
solution by the potash of the tartar now disengaged. If the 
liquid be evaporated, this portion appears under the form of 
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a transparent jelly. By exposure to the air the potash attracts 
carbonic acid, which unites to the lime, while the tartaric acid 
combines again with the potash. ‘To obtain the potash in a 
state of tolerable purity, the best method, according to Vau- 
quelin, to whom we are indebted for these observations, is to 
evaporate to dryness, and heat the residue to redness. By 
lixiviating the mass, the potash will be obtained in a state of 
considerable purity.* 

2. Tartaric acid, according to my observations, crystallizes 
in four-sided prisms, apparently rectangular and terminated 
by dihedral summits. Sometimes the prisms terminate in 
four-sided pyramids. Sometimes the crystals assume the form 
of triangular plates. ‘Their specific gravity is 1°5962.¢ 

As they are sold by apothecaries in this country, they are 
in groups, and appear to be very irregular four-sided prisms. 

3. Crystallized tartaric acid is white, and very firm, and is 
but imperfectly transparent. It may be exposed to the air 
for any length of time without undergoing any change. When 
heated a few degrees above 212° it melts and remains limpid 
and transparent like water. At 250° it boils without losing 
its transparency or becoming coloured. If the boiling be 
continued for a short time only it does not lose above 4 per 
cent. of its weight. On cooling it concretes again into a hard 
semitransparent mass, very much resembling a quantity of 


white sugar that has been melted at the same temperature. 


By this process the nature of the acid is changed. It now 
deliquesces when exposed to the air. 

Tartaric acid, in its ordinary crystallized state, is a hydrate 
composed, according to the experiments of Berzelius,t of 


Real acid .... 100 
AW ater 5. ooh ie 


Or 100 of the crystals contain $8°5 of real acid. 

Hence it seems to be a compound of 1 atom acid + 1 
atom water. On that supposition its real composition ought 
to be 

Real. acid :.:..451+f,100 
Weater « sivends ig ABAD 


When tartaric acid combined with a base, as with lime, is 
distilled in a sufficiently strong heat, it is completely decom- 
* Ann. de Chim. xlvii. 147. 


+ Hassenfratz, Ann. de Chim. xxxviil. 11. 
{ Ann. de Chim, kxxxi. 295. 
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posed. The products into which it is converted, are water, Subdivis. r. 
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carbonic acid, heavy inflammable air, oil, and charcoal. ‘The 

quantity of carbonic acid which it yields is less than what is 

furnished by an equal weight of oxalic acid; but it differs from 

oxalic acid, in yielding a portion of brown-coloured thick oil, 

which has an empyreumatic smell, and dissolves in alcohol. 

4, Tartaric acid dissolves readily in water. Bergman ob- 
tained a solution, the specific gravity of which was 1°230.* 
Morveau observed, however, that crystals formed spontane- 
ously in a solution, the specific gravity of which was 1-084. It 
is not liable to spontaneous decomposition when dissolved in 
water, unless the solution be considerably diluted. 

5. Neither its action on simple supporters nor combustibles Action of 
has been examined ; but it is probable that it is not capable of }"P" 
producing any sensible change on them. It oxidizes iron and 
zinc, and even mercury; but it does not act upon antimony, 
bismuth, tin, lead, copper, silver, gold, nor platinum. Its ac- 
tion on the other metallic bodies has scarcely been examined. 

6. It combines with alkalies, earths, and metallic oxides, 
and forms salts known by the name of ¢artrates. Though it 
forms with the alkaline earths salts which are scarcely soluble 
in water, yet it has not the property of precipitating any of 
them from their solutions. In this respect it differs very 
greatly from oxalic acid, which precipitates them all except 
magnesia. 

7. This acid has been lately analysed by Gay-Lussac and Composi- 
Thenard,} and Berzelius.{ ‘The following table exhibits the yale 
results which they obtained : 

Hydrogen. Carbon. Oxygen. 
Gay-Lussac ...... 6°629 + 24050 + 69'321 
Berzelius......... 3°951 + 36°167 + 59°882 

Berzelius has shown that the tartaric acid of Gay-Lussac 
and Thenard contained, in fact, 34°54 per cent. of water, and 
that their analysis, when this quantity is subtracted, agrees 
very nearly with his. It follows, from the numbers of Berze- 
lius, that the constitution of tartaric acid is as follows: 


3 atoms hydrogen = 0°375 


4 atoms carbon = 3°000 
5 atoms oxygen = 5:°000 
8°375 
* Bergman, 1. 250. + Recherches Physico-chimigques, ii. 304. 


{ Annals of Philosophy, v. 96. y 
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Book, An integrant particle of it, according to this constitution, 

pausien *, will weigh 8°375. Now this corresponds very well with the 
weight of an atom of tartaric acid, as deduced from the com- 
position of tartrate of lead. ‘This salt, according to the analy- 
sis of Berzelius, is composed of 


TAME MON ss eos LUO see eae es 
Oxiderortead’. 6ccss. LOT ..0s45 14 

The number 8°383 derived from this salt, agrees very nearly 
with the number 8°375, deduced from the analysis of tartaric 
acid. 

Tartaric acid, in a state of purity, has scarcely been put to 
any use; but some of the compounds into which it enters are. 
much employed in medicine. This acid has the property of 
combining in two different proportions with a great number of 
bases. With potash, for instance, in one proportion, it forms 
a salt pretty soluble in water, called tartrate of potash; but 
when added in a greater proportion, it forms éartar, a salt very 
imperfectly soluble in water. By this property, the presence 
of tartaric acid in any acid solution may easily be detected. 
All that is necessary is to drop in slowly a little solution of 
potash: if tartaric acid be present, tartar immediately precipi- 
tates in the form of a white gritty powder. 


SECT. XY. 
OF CITRIC ACID. 


History. Cuemists have always considered the juice of oranges and 
lemons as an acid. ‘This juice contains a quantity of mucilage | 
and water, which renders the acid impure, and subject to 
spontaneous decomposition. Mr. Georgi took the following | 
method to separate the mucilage. He filled a bottle entirely | 
with lemon-juice, corked it, and placed it in a cellar: in four | 
years the liquid was become as limpid as water, a quantity of | 
mucilage had fallen to the bottom in the form of flakes, and a | 
thick crust had formed under the cork. He exposed this acid | 
to a cold of of 23°, which froze a great part of the water, and | 
left behind a strong and pretty pure acid.* It was Scheele, | 
however, that first pointed out a method of obtaining this acid 
perfectly pure, and who demonstrated that it possesses pecu- 
liar properties. 


* Kongl. Vetenskaps Academiens Handlingar for 1774, p. 245. 
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1. His process, which is still followed, is this: Saturate subaivis. 1. 


lemon juice, while boiling, with powdered chalk. A white 


Chap. If. 


powder falls to the bottom, which is lime combined with citric oo 


acid. Separate this powder, and wash it with warm water till 
the water passes off colourless. ‘Then pour upon it as much 
sulphuric acid as will saturate the chalk employed, having 
previously diluted it with six times its weight of water. Boil 
the mixture for some minutes, and pass it through a filter to 
separate the:sulphate of lime. The liquid is then to be evapo- 
rated to the consistence of a syrup, and set aside to cool. A 
number of crystals form in it: these are citric acid.* 

Mr. Scheele advises the use of an excess of sulphuric acid 
in order to ensure the separation of all the lime; but accord- 
ing to Dizé, this excess is necessary for another purpose.t A 
quantity of mucilage, he thinks, still adheres to the citric acid 
in its combination with lime, and sulphuric acid is necessary 
to decompose this mucilage. 

Proust, who has published a memoir on the preparation of 
citric acid in the Journal de Physique for 1801,t has shown 
that when too much sulphuric acid is employed, it acts upon 
the citric acid, chars it, and prevents it from crystallizing. 
This error is remedied by adding a little chalk. This chemist 
has ascertained, that four parts of chalk require for saturation 
94 parts of lemon juice. The citrate of lime obtained 
amounts to 7; parts. ‘To decompose this, 20 parts of sulphu- 
ric acid, of the specific gravity 1°15, are necessary. 


2. ‘Vhe crystals of citric acid are rhomboidal prisms, the properties. 


sides of which are inclined to each other at angles of about 
120 and 60 degrees, terminated at each end by four trape- 
zoidal faces, which include the solid angles.§ They are not 
altered by exposure to the air. Their taste is exceedingly 
acid, and even excites pain; but when the acid is properly di- 
luted with water, the acidity is pleasant. These crystals con- 
tain combined water; and, therefore, are in the state of a hy- 
drate. According to the analysis of Berzelius, | they are com- 
posed of 


Heal acid 2... 7 P22" 106 
Water’. sO 965s 


This approaches 1 atom acid + 2 atoms water. Had the 


* Scheele, ii. 203. + Nicholson’s Journal, ii. 43. 
t Jour. de Phys. lii. 366, § Dizé, Nicholson’s Journal, ii, 33. 
|| Ann. de Chim, Ixxxii, 297. 
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jBosketts water amounted to 80°5, instead of 26°58, it would have 
been exactly 2 atoms. 100 of the crystals contain 79 real 
acid. 

3. When this acid is exposed to a heat sufficiently strong to 
melt it, and kept in that temperature till it falls down into a 
white powder, it loses about 7 per cent. or very nearly + of its 
water. When exposed to the open fire, it first melts, then 
swells up and exhales an acrid vapour, and leaves behind it a 
small quantity of charcoal. When distilled in close vessels, it 
partly evaporates without decomposition, and is partly con- 
verted into acetic acid, carbonic acid, and carburetted hydro- 
gen gas, which pass over, and charcoal which remains in the 
retort. 

4, Citric acid is exceedingly soluble in water. According 
to Vauquelin, 100 parts of it require only 75 parts of water. 
Boiling water dissolves twice its weight of it.* This solution 
may be kept a long time in close vessels; however it at last 
putrifies, and is decomposed. 

5. Neither oxygen gas nor the simple combustibles or in- 
combustibles produce any effect upon it. It is capable of oxidi- 
zing iron, zinc, tin. It does not act upon gold, silver, plati- 
num, mercury, bismuth, antimony, arsenic. 

6. It combines with alkalies, earths, and metallic oxides, 
and forms salts known by the name of citrates. 

Action of . The action of none of the acids on it has been examined, 

are if a we except that of the sulphuric and nitric. Sulphuric acid, 
when concentrated, converts it into acetic acid.+ Scheele said © 
that he could not convert it into oxalic acid by means of nitric 
acid, as he had done several other acids: but Westrumb 
affirms, that this conversion may be affected; and thinks that 
Scheele had probably failed from having used too large a 
quantity of nitric acid, by which he had proceeded beyond the 
conversion into oxalic acid, and had changed the citric acid 
into vinegar: and in support of his opinion, he quotes his own’ 
experiments; from which it appeared that, by treating 60 
grains of citric acid with different quantities of nitric acid, his | 
products were very different. Thus with 200 grains of nitric | 
acid he got 30 grains of oxalic acid; with 300 grains of nitric 
acid he oii ted only 15 grains of the oxalic acid; and with | 
600 grains of nitric acid no vestige appeared of the oxalic acid. 
On distilling the products of these experiments, especially of | 


* Dizé. + Fourcroy, vii. 206. 


KINIC ACID. 179 


the last, he obtained vinegar mixed with nitric acid. ‘The ex- subdivis. . 
periments of Westrumb have been confirmed by Fourcroy ovale 
and Vauquelin; who, by treating citric acid with a great 
quantity of nitric acid, converted it into oxalic and acetic 
acids. The proportion of the first was much smaller than that 
of the second. 

8, Citric acid has been analyzed with much precision by compo- 
Gay-Lussac and Thenard,* and Berzelius.t The following “™ 
table exhibits the results which they obtained : 


Hydrogen, Carbon. Oxygen. 
Gay-Lussac ...... 6°330 + 33°811 + 59°859 
Berzelius’ ..... 2.53800 + 41°369 + 54°831 
If we take Berzelius’ numbers as affording the nearest ap- 
proximation to accuracy, we may consider the constitution of 
citric acid as the following : 


3 atoms hydrogen .... = 0°375{ 


4 atoms carbon ...... = 3°000 
4 atoms oxygen ...... = 4000 
7°375 


According to this constitution the weight of an integrant 
particle of citric acid is 7°:375. This corresponds very well 
with the equivalent number for citric acid derived from the 
composition of citrate of lead. This salt, according to the 
analysis of Berzelius, is composed of 


TIC ACIO ox cece ss ~ HOO. eves 76S 
Omide of lead... ¢.5 65890 an cenc, 14 


The difference between 7°375 and 7-368 is very small. 


SECT. XVI. 
OF KINIC ACID. 


Mr. Descuamps, junior, an apothecary in Lyons, some piscover. 


* Recherches Physico-chimiques, ii. 307. 

+ Annals of Philosophy, v. 93. 

{ The analysis of Berzelius only indicates two atoms. But I have pre- 
ferred three, partly on account of the greater proportion of hydrogen obtained 
by Gay-Lussac and Thenard, and partly because it makes the weight agree 
better with the equivalent number for the acid derived from the composition 
of citrate of lead. 
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time age published a method of extracting from yellow Peru- 
vian bark a peculiar salt, to which the physicians of Lyons 
ascribed the febrifuge properties of that bark. His process 
was very simple; the bark was macerated in cold water, and 
the infusion concentrated by evaporation. It was then set aside 
for some time in an open vessel. The crystals of the salt 
gradually formed and separated, and they were purified by re- 
peated crystallizations. From 100 parts of the bark about 7 
parts of these crystals were obtained.* 

This salt has been lately examined by M. Vauquelin, who 
has proved that it is composed of lime united to a peculiar 
acid hitherto unknown. ‘To this acid he has given the name 
hinic, borrowed from the term quinguina, applied by the 
French writers to the bark from which the salt was extracted. - 

Deschamp’s salt then is kinate of lime. It possesses the fol- 
lowing properties. 

Its colour is white, it crystallizes in square or rhomboidal 
plates; it has no taste, and is flexible under the teeth. It dis- 
solves in about five times its weight of water at the temperature | 
of 55°. It is insoluble in alcohol. 

When placed on burning coals it swells, gives out a smell 
like tartar, and leaves a mixture of carbonate of lime and 
charcoal. The fixed alkalies and their carbonates precipitate 
lime from the solution of this salt, but ammonia produces no 
effect. Sulphuric and oxalic acid precipitate lime likewise, 
but no precipitate is produced by acetate of lead or nitrate of 
silver. ‘The infusion of tannin occasions a flaky yellow preci- 
pitate. 

M. Vauquelin separated the lime from the kinic acid by 

means of oxalic acid. ‘The oxalate of lime obtained from 100 
grains of the salt weighed 27 grains. Hence he concluded 
that the salt was a compound of 85 parts acid and 15 lime. 
But the lime in 27 grains of oxalate of lime very little exceeds 
10 grains. Hence the salt ought to be composed of 90 parts 
acid and 10 of lime. 
_ The kinic acid, thus freed from lime, was concentrated by 
evaporation to the consistency of a syrup, and then set aside 
for a week. No crystals formed in it spontaneously ; but upon 
being touched with a glass rod it wholly crystallized at once 
in divergent plates. 

Its colour was slightly brown (doubtless from some impu- 


* Ann. de Chim. xlviii. 162. 
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rity,) its taste was extremely acid and somewhat bitter, proba- 
bly because it was not quite free from the other constituents 
of the bark. It was not altered by being left exposed to the 
air. 

On burning coals it melted, frothed, blackened, and exhaled 
in acrid vapours, leaving only a little charcoal behind. 

It combines with the different bases, and forms a set of salts 
called kinates. ‘The alkaline and earthy kinates are soluble 
and crystallizable. ‘This acid does not precipitate nitrates of 
silver, mercury, nor lead.* 

This detail, though imperfect, is sufficient to distinguish the 
kinic from every other acid. Its decomposition by heat shows 
that it belongs to the class of combustible acids. Its crystal- 
lizing, its great solubility in water, and its forming a soluble salt 
with lime, and not precipitating silver nor lead, sufficiently 
distinguish it from all the other combustible acids with which 
it might be confounded. 


a 


SECT. XVII. 
OF SACLACTIC OR MUCIC ACID. 


Tus acid was discovered by Scheele in 1780. After having 
obtained oxalic acid from sugar, he wished to examine 
whether the sugar of milk would furnish the same product. 
Upon four ounces of pure sugar of milk, finely powdered, he 
poured 12 ounces of diluted nitric acid, and put the mixture 
in a large glass retort, which he placed in a sand-bath. A 
violent effervescence ensuing, he was obliged to remove the 
retort from the sand-bath till the commotion ceased. He 
then continued the distillation till the mixture became yellow. 
AAs no crystals appeared in the liquor remaining in the retort 
after standing two days, he repeated the distillation as before, 
with the addition of eight ounces of nitric acid, and continued 
the operation till the yellow colour, which had disappeared 
on the addition of the nitric acid, returned. The liquor in 
the retort contained a white powder, and when cold was ob- 
served to be thick. Eight ounces of water were added to di- 
lute this liquor, which was then filtrated, by which the white 
powder was separated; which being edulcorated and dried, 
weighed 7}, dr. The filtrated solution was evaporated to the 


* Ann. de Chim. lix. 162. 
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consistence of a syrup, and again subjected to distillation, with 
four ounces of nitric acid as before; after which, the liquor, 
when cold, was observed to contain many small, oblong, sour 
crystals, together with some white powder. ‘This powder 
being separated, the liquor was again distilled with more nitric 
acid as before; by which means the liquor was rendered ca- 
pabie of yielding crystals again ; and by one distillation more, 
with more nitric acid, the whole of the liquor was converted 
into crystals. These crystals, added together, weighed five 
drams; and were found, upon trial, to have the properties of 
the oxalic acid. 

Mr. Scheele next examined the properties of the white 
powder, and found it to be an acid of a peculiar nature; he 
therefore called it the acid of the sugar of milk.* It was 
afterwards called saclactic acid by the French chemists. Four- 
croy changed that name into that of mucous acid, because it 
is obtained by treating gum arabic, and other mucilaginous 
substances, with nitric acid. And this name has been since 
altered to that of mucic acid. - 

1. Saclactic acid may be obtained by the following process: 
upon one part of gum arabic, or other similar gum, previously 
put into a retort, pour two parts of nitric acid. Apply a slight 
heat for a short time, till a little nitrous gas and carbonic acid 
gas comes Over}; then allow the mixture to cool. A white 
powder gradually precipitates, which may be easily separated 
by filtration. ‘This powder is saclactic acid.t, It is not how- 
ever pure, being mixed with a considerable portion of oxalate 
of lime, and with about 6 per cent. of a substance which is 
probably a compound of gum and lime. The oxalate of lime 
may be saperated by digesting the white powder repeatedly in 
diluted nitric acid. The gummate of lime is separated by 
dissolving the residual saclactic acid in boiling water, the 
gummate being insoluble in that liquid. The water on cool- 
ing deposites ooclieaie acid in a state of purity.{ If sugar of 
milk be employed instead of gum, the saclactic acid is ob- 
tained at once in a state of purity. 

2. Saclactic acid, thus obtained, is under the form of a 
white gritty powder, with a slightly acid taste. 

Heat decomposes it. When distilled, there comes over an 
acid liquor which crystallizes in needles on cooling, containing 


* Scheele, 11. 69. t+ Fourcroy, vii. 146. 
{ Laugier; Ann. de Chim. lxxil. 81. 
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pyromucic acid, a red coloured acrid oil, carbonic acid gas, Subiivis. 1. 


and carburetted hydrogen gas. ‘There remains in the retort 
a large proportion of charcoal. According to Trommsdorf, an 
acid in crystals is also obtained which possesses the properties 
of succinic acid.* 

Saclactic acid, according to Scheele, is soluble in 60 parts 
of its weight of boiling water; but Messrs. Hermbstadt+ and 
Morveau ¢ found, that boiling water only dissolved =,th part: 
it deposited about 1th part on cooling in the form of crystals.§ 

The solution has an acid taste, and reddens the infusion of 
turnsol.|| - Its specific gravity, at the temperature of 53°7°, is 
1:0015.** 

The compounds which it forms with earths, alkalies, and 
metallic oxides, are denominated saclactates. ‘These salts are 
but very imperfectly known, few chemists having examined 
them except Scheele. The facts which he ascertained are the 
following : 

With potash it forms a salt soluble in eight parts of boil- 
ing water, which crystallizes on cooling. ‘The saclactate of 
soda also crystallizes, and is soluble in five parts of water. 
Saclactate of ammonia loses its base by a moderate heat, while 
the acid remains behind. ‘The compounds which it forms 
with the earths are nearly insoluble in water. It scarcely 
acts upon any of the metals, but it combines with their oxides : 
it forms salts almost insoluble in water. When poured into 
the nitrates of silver, mercury, or lead, it occasions a white 
precipitate. It produces no change on the sulphates of iron, 
copper, zinc, manganese, nor on the muriates of tin and mer- 
cury.}7 


Chap. Ti. 


This acid has been analyzed with much precision by Gay- composi 
Lussac and Thenard,{{+ and by Berzelius.§§ The following "™ 


table exhibits the result of their experiments : 


Hydrogen. Carbon. Oxygen. 
Gay-Lussac.... 3°62 + 33°69 + 62°69 = 100 
rer zeivas? Po iS’. 5105 + 33°430 + 61°465 = 100 


If we take the numbers of Berzelius as furnishing the 


* Ann. de Chim. Ixxi. 79. ¢ Phys. Chem. 

{ Encyc. Method. i. 290. § Scheele. 

\| Scheele. ** Morveau, ibid. 

tt Scheele, ii. 76. t t Recherches Physico-chimiques, ii. 298: 
§§ Annals of Philosophy, v. 179. 
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nearest approximation to the truth, they will give us the con- 
stitution of saclactic acid as follows: 


5 atoms hydrogen.... = 0°625 
6 atoms carbon...... = 4°5 
8 atoms oxygen...... = 8° 


13°125 


The composition of saclactate of lead, as determined by the 
analysis of Berzelius, corresponds very well with this weight 
of an integrant particle of saclactic acid. According to him, 
saclactate of lead is composed as follows: 


Saclactic acid .... 100 AP ns nase Se Samara | 2. | 
Oxidewr lead... 1001S 1 os mse oso s care 


The equivalent number for saclactic acid given by this ana- 
lysis, which is 13:1, almost coincides with 13°125, the number 
derived from the analysis of saclactic acid. 


SECT. XVIII. 
OF URIC ACID. 


Various attempts were made by chemists to ascertain the 
nature of the calculous concretions which occasionally form in 
the kidneys and bladder, and produce one of the most painful 
diseases to which we are liable. ‘These attempts were at- 
tended with very little success, till Scheele published a set of 
experiments on the subject in 1776. He examined several 
of these urinary calculi,and found them composed chiefly of a 
peculiar acid, the properties of which he described. His 
results were soon after confirmed by Bergman, who had en- 
gaged in a similar set of experiments about the same time.* 
To the acid thus discovered, Morveau gave at first the name of 
bexoardic, which was afterwards changed into lithicby the French 
chemists, when they contrived the new chemical nomenclature 
in 1787. This last term, in consequence chiefly of the obser- 
vations and objections of Dr. Pearson, was afterwards laid 
aside, and the name wric acid substituted in its place. 

Scheele ascertained that uric acid exists always in human 
urine. Experiments on the urinary calculi were published by 


* Scheele, i. 199 and 210. French Trans. 
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Mr. Higgins in 1789,* and by Dr. Austin in 1791; but little sobaivis. 1. 
was added to our knowledge of uric acid till Dr. Wollaston @** 1 
published his admirable paper on the calculous concretions in 

1797. Dr. Pearson published a copious set of experiments on 

the same subject in 1798, in which he enumerates his trials on 

uric acid, and endeavours to prove that it is not entitled to the 

name of acid, but ought to be classed among animal oxides. 

This drew the attention of Fourcroy and Vauquelin to the 
subject: they published an excellent treatise on urinary cal- 

culi, in which they demonstrate that it possesses the properties 

of an acid, and confirm the observations of Bergman and 
Scheele. But for the most complete account of uric acid we 

are indebted to Dr. Henry, who made it the subject of his 

thesis published in 1807, and afterwards inserted a paper on 

it in the second volume of the new series of Manchester Me- 

moirs. 

1. To obtain pure uric acid, Dr. Henry dissolved pulverised prepara- 
calculi (previously known to be composed chiefly of that “™ 
acid) in a ley of potash, and precipitated the uric acid by 
means of muriatic acid or acetic acids. The powder thus 
obtained was first washed with a little ammonia, to remove 
any adhering foreign acid, and then edulcorated with a suffi- 
cient quantity of warm water. 

2. Uric acid thus obtained is a white powder, which feels Properties. 

harsh but not gritty, and is destitute of both taste and smell. 
It reddens the infusion of litmus. It dissolves in 1720 parts 
of water at the temperature of 60°, and in 1150 parts of boil- 
ing water. As this last solution cools, it deposites minute 
crystals of uric acid. ‘The watery solution reddens litmus, 
but produces no precipitate when dropped into earthy or me- 
tallic salts.t 

3. It is rapidly dissolved by fixed alkaline solutions, but less 
readily by ammonia. ‘The alkaline carbonates have no effect 
on it whatever. 

4. It decomposes the alkaline hydrosulphurets, and precipi- 
tates their sulphur. It likewise decomposes soap, provided a 
sufficient quantity of it be employed.§ 

5. It dissolves in nitric acid; and when the solution is eva- 
porated nearly to dryness, it assumes a fine pink colour, which 
becomes much deeper when water is added, so as to have a 


* Comparative view of the phlogistic and antiphlogistic theories, p. 283. 
+ Henry. } Scheele, Fourcroy, and Henry. § Henry. 
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Rhea near resemblance to carmine. In this state it stains wood, the 
) skin, &c. of a beautiful red colour. The watery sqlution of this 
matter loses its red colour in a few hours, and it cannot after- 

wards be restored.* 

When the solution of uric acid in nitric acid is boiled, a 
quantity of azotic gas, carbonic acid gas, and of prussic acid, 
is disengaged.+ Dr. Pearson, by repeated distillations, con- 
verted the residue into nitrate of ammonia. When chlorine 
gas is made to pass into water containing this acid suspended 
in it, the acid assumes a gelatinous appearance, then dis- 
solves; carbonic acid gas is emitted, and the solution yields 
by evaporation muriate of ammonia, superoxalate of ammo- 
nia, muriatic acid, and malic acid.t 

6. It combines with the different bases, and forms a genus 
of salts called wrates; for the examination of which we are 
chiefly indebted to Dr. Henry. 

7. When uric acid is distilled, about a fourth of the acid 
passes over altered in its properties, and is found in the re- 
ceiver crystallized in plates; a few drops of thick oil make 
their appearance; ith of the acid, of concrete carbonate 
of ammonia; some prussiate of ammonia, some water, and car- 
bonic acid pass over; and there remains in the retort char- 
coal, amounting to about ith of the weight of the acid dis- 
tilled. According to Dr. Henry, the decomposition goes on 
in the following manner: 1. A drop or two of water holding 
carbonate of ammonia in solution passes into the receiver ; 
2. Dry carbonate of ammonia; 3. The acid sublimate; 4. The 
coal in the retort amounts to about 4th of the calculus distilled. 

sublimate The nature of the acid sublimate has been particularly ex- 

from ure amined by Dr. William Henry. Scheele had considered it as 
analogous to succinic acid, and Dr. Pearson as approaching 
to benzoic acid in its properties. According to Dr. Henry, 
it is a salt composed of a peculiar acid combined with ammo- 
nia. ‘The following he found to be its properties. 

Its colour is yellow, and it has a cooling bitter taste. It 
dissolves readily in water, and in alkaline solutions, from 
which it is not precipitated by acids. It dissolves also spa- 
ringly in aleohol. It is volatile; and when sublimed a second 


* Scheele, Bergman, Pearson, and Henry. 

+ Fourcroy, Ann. de Chim, xxvii. 267. 

t Brugnatelli, Ann. de Chim. xxvii. 267. Fourcroy, x. 222. 
§ Fourcroy, Ann. de Chim, xvi. 116. 
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time, becomes much whiter. The watery solution reddens Subtivis. 1 


Chap. Tf. 


vegetable blues; but a very small addition of ammonia destroys —/—~ 


this property. It does not produce an effervescence with al- 
kaline carbonates. By evaporation it yields permanent crys- 
tals, but ill defined, from a portion of animal matter adhering. 
They redden vegetable blues. Potash, when added to these 
crystals, disengages ammonia. When dissolved in nitric acid 
they do not leave a red stain as happens with uric acid; nor 
does their solution in water decompose the earthy salts, as 
happens with the alkaline urates: neither has it any action on 
the salts of copper, iron, gold, platinum, tin, or mercury. 
With nitrates of silver and mercury, and acetate of lead, it 
forms a white precipitate soluble in an excess of nitric acid. 
Muriatic acid occasions no precipitate in the solution of these 
crystals in water. ‘These properties show us, that the acid of 
the sublimate is different from the uric, and from every other 
known acid. Dr. Austin found, that by repeated distillations 
it was resolved into ammonia, azote, and prussic acid. Hence 
its constituents are, doubtless, the same as those of uric acid, 
varying only in proportion. 

Dr. Prout, who analyzed uric acid with great care by means 
of peroxide of copper, found its constituents as follows: 


I atom hydrogen.... = 0°125 
3 atoms carbon ..... = 2'250 
1 atom azote: .«:..... wt 750) 
1, atom oxygen .... = 1°500 

5°625 


According to this analysis the equivalent number for uric acid 
is 5°625. If we were to double the number of atoms in it in 


order to get rid of the half atom of oxygen the equivalent 


number for the acid would be 11°25. Which of these num- 
bers is the true one can only be known by subjecting some of 


the urates to a careful analysis, which no person has hitherto 
done. 


SECT. XIX. 


OF PURPURIC ACID. 


Turs acid was discovered by Dr. Prout, in the year 1818, 
while engaged in examining the pink-coloured substance 
3 
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formed by heating a solution of uric acid in nitric acid. This 
mode of obtaining the acid was as follows: 

He digested pure uric acid in dilute nitric acid. An effer- 
vescence took place, and the acid was dissolved. ‘The excess 
of nitric acid was neutralized by ammonia, and the evapora- 
tion continued. The colour of the liquid became gradually 
of a deeper purple and dark’red granular crystals, (sometimes 
of a greenish hue externally), soon began to separate in 
abundance. ‘These crystals were composed of purpuric acid 
and ammonia; they were dissolved in a solution of caustic 
potash, and heat applied to the solution till the red colour 
entirely disappeared. The alkaline solution was then gradu- 
ally dropped into dilute sulphuric acid, which, uniting with 
the potash, left the acid principle in a state of purity.* 

Purpuric acid thus obtained is a cream-coloured powder, 
which, when examined with a magnifier, especially in water, 
appears to possess a pearly lustre. It has no smell nor taste. 
Its specific gravity is considerably above that of water, though 
from its minute state of division it usually takes a considera- 
ble time to subside in that fluid. 

It is very little soluble in water; 10000 parts of that liquid 
not being capable of dissolving one part of the acid. In alco- 
hol and ether it is quite insoluble. It dissolves readily in the 
concentrated mineral acids, and in the alkaline solutions; but 
it is insoluble, or nearly so, in dilute sulphuric, muriatic, and 
phosphoric acids, and also in solutions of oxalic, tartaric, and 
citric acids. Concentrated nitric acid dissolves it readily with 
effervescence and purpurate of ammonia is obtained. Chlo- 
rine likewise dissolves it, and produces a similar change on it. 
Tt dissolves also when assisted by heat in concentrated acetic 
acid. ; 

It does not sensibly alter the colour of litmus paper. When 
exposed to the air it does not deliquesce. But it becomes 
gradually red, and some purpurate of ammonia seems to be 
formed in it. 

When heated it neither melts nor sublimes, but acquires a 
purple hue from the formation of ammonia, and afterwards 
burns gradually without yielding any remarkable odour. 
When distilled it yields a good deal of carbonate of ammonia, 
some prussic acid, and a little fluid having an oily appearance, 
while a pulverulent charcoal remains. 


* Phil, Trans. 1818, p. 420. 
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It combines with bases, and forms salts to which the name subiivis. 1. 
of purpurates has been given. The greater number of these CS? 1, 
purpurates have a red colour, though some of them are green 
and some of them yellow. Purpuric acid is capable of decom- 
posing the carbonates when assisted by heat, and it does not, 
as far is known, combine with any other acid. 

Dr. Prout made some trials to determine the composition 
of this acid by heating it with peroxide of copper. The re- 
sult of his experiments gave the constituents as follows : 


2 atoms hydrogen...... = 0°25 
7 atoms CaLVON.... 2... = 1°50 
1 atom azote .....6...6. = 1°75 
2 atoms OXygeNn...e-oe6 = 2°00 


5°50 


According to this analysis the equivalent number for pur- 
puric acid is 5°5 or a multiple of it.* 


SECT, XX. 
OF LACCIC ACID. 


Turis is an acid lately obtained by Dr. John from stick lac.+ 
His process was the following. Stick lac was reduced to pow- 
der, and digested in water as long as it communicated any co- 
lour. ‘The aqueous solution was evaporated to dryness, and Prepara- 
the residue digested in alcohol. The alcoholic solution was 
likewise evaporated to dryness, and the dry residue digested in 
ether. ‘The ether solution being also evaporated left a syrupy 
mass of a light yellow colour, which being again dissolved in 
alcohol, and the solution mixed with water, lets fall a little 
resin. The liquid now contains the laccic acid, united with a 
little potash and lime from which it may be separated by pre- 
cipitating it with lead, and decomposing the laccate by means 
of a quantity of sulphuric acid, just sufficient to saturate the 
oxide of lead. ‘Thus obtained, it possesses the following pro- 
perties. 

1. It is capable of crystallizing. Its colour is wine yellow. Properties. 
Its taste is acid. It is soluble in water, alcohol, and ether. 


* Prout, Phil. Trans. 1818, p. 420. 


t Lac is a substance formed by insects in India. It will be described 
hereafter when treating of resins. 
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peck. 2, It throws down lead and mercury from their solutions in 
W— acids white. But it does not precipitate lime water, nor the 
eros of silver and barytes. 
. Whether pure, or combined with a base, it throws down 
salts of iron white. 
4, Its compounds with lime, soda, and potash, are deliques- 


eent and soluble in alcohol.* 


SECT, XALI. 
OF MALIC ACID. 


Beret: THis acid, which was discovered by Scheele in 1785, has 
ig received the name of malic acid, because it may be obtained in 

abundance from the juice of apples, in which it exists ready 
formed. Scheele has given us the following process for ex- 
tracting it: saturate the juice of apples with potash, and add 
to the solution acetate of lead till no more precipitation en- 
sues. Wash the precipitate carefully with a sufficient quan- 
tity of water; then pour upon it diluted sulphuric acid till the 
mixture has a perfectly acid taste, without any of that sweet- 
ness which is perceptible as long as any lead remains dissolved 
in it; then separate the sulphate of lead, which has precipi- 
tated, by filtration, and there remains behind malic acid.+ 

M. Braconnot has shown that when malic acid is obtained 
by this process of Scheele, it is contaminated with a mucila- 
ginous matter, intermediate between sugar and gum, which 

masks all its properties. t 

Vauquelin ascertained that it may be extracted, with greater 
advantage, from the juice of the sempervivum tectorum, or 
common house-leek, where it exists abundantly, combined — 
with lime. ‘The process which he found to answer best is the 
following: to the juice of the house-leek add acetate of lead 
as long as any precipitate takes place. Wash the precipitate, 
and decompose it by means of diluted sulphuric acid in the 
manner directed by Scheele.§ 

Gay-Lussac has shown that when malic acid is obtained in 
this way, it still retains a quantity of lime, from which it may 


* Schweigger’s Journal, xv. 110. 

+ Swedish Trans. and Crell’s Annals for 1785. 
} Ann, de Chim. et de Phys. vin. 149. 
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be freed by evaporating it to the consistence of a syrup, and 
mixing it with alcohol. Malate of lime is precipitated, and 
the malic acid remains dissolved in the alcohol.* But the 
acid even when thus purified, retains the mucilaginous matter 
with which it is contaminated when extracted from the juice 
of apples, as Braconnot has shown.+ 

In the year 1815, Mr. Donovan announced the existence of 
a new acid in the expressed juice of the berries of the pyrus 
aucuparia, to which he gave the name of sorbic acid. His me- 
thod of procuring this acid was the following: 

The berries are to be collected when fully ripe. They are 
to be first bruised in a mortar, and then squeezed in a linen 
bag. They yield nearly half their weight of juice of the spe- 
cific gravity 1:077.. This juice is to be strained and mixed 
with a filtered solution of acetate of lead. Separate the preci- 
pitate on a filter, and wash it with cold water. A large quan- 
tity of boiling water is then to be poured upon the filter, and 
allowed to pass through the precipitate into glass jars. After 
some hours this liquid becomes opake, and deposites crystals 
of great lustre and beauty. ‘The matter remaining on the fil- 
ter has now become hard and brittle. But it may be made to 
furnish more crystals by the following treatment. Boil it for 
half an hour with rather more diluted sulphuric acid than is 
sufficient to saturate the whole lead which it contains. Filter 
the liquid and treat it again with acetate of lead. The edul- 
corated precipitate, when treated as before with boiling water, 
yields an additional crop of crystals. ‘his process may be re- 


peated till almost the whole acid has been obtained united to: 


lead in a crystallized state. 

Collect the crystals formed, and boil them for half an hour 
with 2°3 times their weight of sulphuric acid of the specific 
gravity 1:090, supplying water as fast as it evaporates, and 
taking care to keep the mixture constantly stirred with a glass 
rod. ‘The clear liquor is to be poured off and put into a tall 
glass jar of small diameter. While still hot, a stream of sul- 
phuretted hydrogen gas is to be passed through it. When the 
lead is all precipitated the fluid is to be filtered and boiled in an 
open bason till the sulphuretted hydrogen is disengaged. The 
liquid now consists of water, holding sorbic acid in solution.{ 

M. Braconnot has given us the following process, for ex- 


* Ann. de Chim. et de Phys. vi. 331. + Ibid, vol. viii. p, 149. 
+ Phil. Trans. 1815. 
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pook' tracting this acid from the berries of the pyrus aucuparia, 
WY — which he recommends as easier than the process of Donovan. 

The berries are to be taken before they are ripe, pounded 
in a marble mortar, and the juice squeezed out by a strong 
pressure. ‘The juice is to be heated in a capsule, to the boil- 
ing temperature, and carbonate of lime is to be thrown in as 
long as any effervescence continues. Evaporate the liquid to 
the consistence of a syrup, taking care to skim off the scum in 
proportion as it collects on the surface. A granular precipi- 
tate of sorbate of lime falls, which adheres strongly to the ves- 
sel, unless care be taken to stir the liquid from time to time. 
After an interval of some hours, decant off the syrupy liquid, 
and wash the precipitate with a little cold water. ‘Then squeeze 
it in a cloth and dry it. The colour of this salt is fawn, indi- 
cating that it is not free from the colouring matter of the ber- 
ries. Boil it for a quarter of an hour with a quantity of crys- 
tallized carbonate of soda equal to it in weight, and a suffi- 
cient quantity of water. A double decomposition takes place, 
and the liquid retains in solution sorbate of soda, mixed with 
a quantity of colouring matter. ‘This colouring matter is re- 
moved by heating the liquid for some time with lime water, or 
milk of lime. The liquid when filtered becomes quite colour- 
less. A current of carbonic acid gas passed through it pre- 
cipitates the lime retained in solution. The liquid thus freed 
from colouring matter is to be precipitated by subacetate of 
lead, and the sorbate of lead may be decomposed, and the 
acid obtained in solution in water by digesting it with the re- 
quisite quantity of dilute sulphuric acid.* I have repeated 
this process of Braconnot very exactly ; but did not succeed 
in freeing the acid from the colouring matter. The berries 
which I employed were fully ripe, while Braconnot’s probably 
were green. Perhaps this may account for the difference be- 
tween our results. 

In the year 1818, Braconnot made a set of experiments on 
malic acid from the juice of the apple, and from the leaves of 
the sempervivum tectorum, or houseleek, and demonstrated that 
when freed from the mucilaginous matter with which it is 
usually mixed and disguised, it possesses exactly the properties 
of sorbic acid.f Hence it follows that sorbic acid is not a pe- 
culiar acid, as Donovan supposed ; but merely the matic acid 
of Scheele, in a state of greater purity than that chemist had 


* Ann. de Chim. et de Phys. vi. 241. ¢ Ibid. vol. vill. p. 149. 
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been. able to obtain it. Of course we must drop one or other Subdivis. 1. 


of these two terms, and as Scheele was undoubtedly the first 
discoverer of this acid, though he did not succeed in procuring 
“it in a state of purity, itseems but fair to retain the name malic 
acid, which that illustrious chemist originally bestowed on it. | 

Braconnot obtained pure malic acid from the juice of the 
house-leek, in the following manner. ‘The expressed juice of 
the plant was evaporated to the consistence of a syrup, and 
alcohol being gradually mixed with it, threw down the preci- 
pitate usually considered as malate of lime. This precipitate 
was pressed strongly 1 in a cloth to free it as completely as pos- 
sible of the saccharine matter with which it was mixed. It 
was then dissolved in water to which it communicated a brown 
colour. Sulphuric acid was added to the liquid im such quan- 
tity as only partially to decompose the salt, and the liquid was 
filtered in order to separate the sulphate of lime precipitated. 
The liquid, which had now a decidedly sour taste, being set 
aside for 24 hours, deposited a colourless salt, consisting of 
bimalate of lime. This salt being redissolved and crystallized 
slowly, formed six sided flat prisms, terminated by bihedral 
summits, of the purest white colour. These crystals being dis- 
solved in water were decomposed by sulphuric acid, and in 
order to get rid of all the sulphuric acid, the filtered liquid 
was digested over oxide of lead, and the whole being filtered, 
acurrent of sulphuretted hydrogen gas was passed through it 
to throw down the dissolved lead. It was now evaporated to 
the consistence of a syrup, and dissolved in alcohol to get rid 
of some lime and oxide of lead, not separated by the previous 
processes. ‘The alcoholic solution being evaporated to the 
consistence of a syrup did not crystallize in 24 hours; but 
being put into a stove it crystallized completely within the same 
interval of time. ‘The crystals first formed were groups of 
small flattened globules of about a line in diameter, and by 
degrees the whole concreted into an opaque white mass tuber- 

‘culated on the surface. 

1. Malic acid thus obtained is a white opaque substance, 
having an exceedingly sour taste, but destitute of smell, and 
exceedingly soluble both in water and alcohol. 

2. When dropt into solutions of nitrate of lead, nitrate of 
silver, or nitrate of mercury, it occasions no precipitate. In 
acetate of lead it throws down a white precipitate soluble in 
acetic acid, and even in boiling water. 

3. When acetate of lead is dropt into this acid, diluted with 
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water, a copious white precipitate falls, which gradually redis- 
solves in the liquid, and is slowly converted into very fine 
silky crystals, having a great deal of lustre. When these 
crystals are boiled in water they partially dissolve, but the 
greatest part of them melt into a resinous looking matter 
which may be drawn out into the threads, but which becomes 
brittle as soon as the temperature sinks. 

4. Neither lime water nor barytes water occasion any pre- 
cipitate when dropt into this acid. 

5. The malates of potash and soda are incrystallizable, de- 
liquescent, and insoluble in strong alcohol. But the bimalates 
of potash, soda, and ammonia crystallize. 

6. When saturated with magnesia, or with oxide of zine, it 
forms salts, which crystallize with the greatest facility. 

When malic acid is heated, it sublimes, and may be collected 
in the form of white needles. By this treatment, its properties 
are somewhat altered, and it is converted into pyromalic acid. 


SECT. XXII. 
OF IGASURIC ACID. 


Tuts is the name by which Pelletier and Caventou have 
thought proper to distinguish an acid, which exists in St. Ig- 
natius’s bean, the fruit of the strychnos ignaiia, in which they 
first detected the new alkaline substance to which they gave 
the name of strychma. The characters which they have pointed 
out in the igasuric acid are scarcely sufficient to constitute it a 
peculiar species. I have, however, given it a provisional place 
here, till subsequent experiments determine whether or not it 
is different from malic acid, with which it has many characters 
in common. 

Igasuric acid was obtained in tha following manner. ‘The 
magnesia by means of which the strychnia had been separated 
from the infusion of St. Ignatius’s bean, was washed in cold 
water to deprive it as completely as possible of the colouring 
matter with which it was mixed. It was then boiled in a great 
quantity of distilled water to dissolve the igasurate of magne- 
sia. The solution being concentrated by evaporation, was 
mixed with acetate of lead. A double decomposition took 
place, and the igasurate of lead was precipitated in the state 
ef an insoluble powder. ‘This powder was mixed with water, 
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and the lead separated from it by means of sulphuretted hy-  subaivis. r. 

. . F A : Chap. III. 
drogen gas. The igasuric acid dissolves in the water, and may 
be obtained in a separate state by evaporating that liquid. 

It constitutes small hard granular crystals, which have a Properties. 
yellow colour, probably because not sufficiently freed from the 
colouring matter of the bean. Its taste is acid, and very as- 
tringent. It is very soluble both in water and alcohol. The 
salts which it forms with the alkalies and earths, are soluble in 
water and alcohol. ‘The igasurate of barytes is very soluble, 
and crystallizes with difficulty in the form of mushrooms. The 
igasurate of ammonia does not precipitate silver, mercury, or 
lead. When dropt into salt of copper, the liquid becomes 
green, and a greenish white powder gradually precipitates, 
which is very little soluble in water. Igasuric acid does not 
alter the colour of the salts of iron.* 

Such are the characters of this acid as pointed out by Pel- 
letier and Caventou. It is distinguished from malic acid by 
the property of throwing down copper in the state of a green- 
ish white powder, and by the solubility of its alkaline salts in 
alcohol. But in its other characters it approaches very closely 
to that acid. ! 


SECT. XXIII. 
OF FORMIC ACID. 


Tuis acid is first mentioned in the Philosophical Transac~ History. 
tions for 1671, in a paper by Mr. Ray, giving an account of 
the observations of Mr. Halse, and the experiments of Mr. 
Fisher, on the acid juice which is spontaneously given out by 
ants, and which they yield when distilled. Mr. Fisher com- 
pares this liquor with vinegar, but points out some differences 
between them. Scarcely any addition was made to these facts 
till Margraff published a dissertation on the subject in the 
Berlin Memoirs for 1749, in which he describes the method 
of obtaining the formic acid from the formica rufa, or red ant, 
and points out its properties with his usual precision and me- 
thod.{ A new dissertation was published on the same subject 
by Messrs. Arvidson and Oehrn in 1782, in which the disco- 
veries of Margraff were confirmed, and many new particulars 


* Jour. de Pharmacie, v. 166. + Phil. Trans. v. 2063. 
+ Margraff’s Opusc. 1, 291. 
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added. Hermbstadt’s paper on the same subject appeared int 
Crell’s Annals for 1784. His researches were directed chiefly 
to the purification of the formic acid. He demonstrated that 
the juice of ants contained several foreign bodies, and among 
others, that a portion of malic acid might be detected in it. 
Richter published experiments on formic acid about the year 
1793, pointing out a method of procuring it in a very concen- 
trated state.* Deyeux soon after examined it, and found it 
analogous to the acetic acid.t This opinion of the French 
chemist was confirmed in 180%, by Fourcroy and Vauquelin, 
who published a dissertation on ants, and concluded from their 
experiments, that the formic acid is nothing else than a mixture 
of the acetic and malic acids.t ‘The opinion maintained by 
these celebrated philosophers induced Suersen to examine the 
subject by experiment. ‘This chemist, in an elaborate disser- 
tation on formic acid, published in 1805,§ shows that most of 
the facts pointed out by Fourcroy and Vauquelin had been 
already ascertained by preceding chemists; that the experi- 
ments which they detail were not sufficient to warrant their 
conclusions; that formic acid, when properly prepared, con- 
tains no malic acid; and that it possesses properties different 
from the acetic. Gehlen was induced to resume the examina- 
tion of this acid, by some observations which I made upon it 
in a former edition of this work. He published an elaborate 
dissertation on it in 181%, in which he compares the properties 
of formic acid with those of acetic acid, and points out the 
peculiar characters of formic acid with great clearness and 
precision. || 

The simplest method of procuring formic acid in a state of 
purity is that of Margraff as corrected by Richter. Suersen 
accordingly had recourse to it. This method is as follows: 
infuse any quantity of ants in about thrice their weight of 
water, put the mixture into a silver or tinned copper still, and 
draw off the water by distillation as long as it continues to 
come over without any burnt smell; for the distillation must 
be stopped as soon as that smell begins to be perceived. Sa- 
turate the water in the receiver with carbonate of potash, and 
evaporate to dryness. Mix the white mass thus obtained with 


* Gehlen, iv. 7. 


+ Fourcroy, x. 491; Eng. Trans. I have not seen either the dissertation 
of Richter or Deyeux. 


{ Phil. Mag. xv. 118. § Gehlen’s Jour. iv. 1. 
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as much sulphuric acid, previously diluted with its weight of subdivis. 1. 


water, as is sufficient to saturate the potash. Introduce the 
mixture into a retort, and distil slowly to dryness. The liquid 
which comes over into the receiver is to be again rectified by 
a very moderate heat, to get rid of any portion of sulphuric 
acid that may be present. 

Gehlen, to be still more certain of the purity of his formic 
acid, saturated the acid prepared by the above process with 
carbonate of copper, and by the requisite evaporation, sepa- 
rated the formate of copper in crystals. He mixed in a retort 


Chap. fi. 


13 ounces of these crystals with 8 ounces 310 grains of sul- | 


phuric acid of the specific gravity 1:864 and distilled. He 
obtained 6 ounces 410 grains of formic acid in a state of pu- 
rity. The properties of this acid are as follow: 


1. It has a sharp sour taste and cannot be crystallized, even properties. 


by the application of artificial cold. 

2. Its specific gravity at the temperature of 68° is 1°1168,* 
while that of the most concentrated acetic acid does not ex- 
ceed 1°08. 

Notwithstanding its greater specific gravity, it is capable of 
neutralizing much less of alkaline bodies than acetic acid, as 
appears from the following trials of Suersen. He reduced for- 
mic and acetic acids each to the specific gravity 1:0525, and 
ascertained how much carbonate of potash, carbonate of lime, 
and carbonate of magnesia, the same weight of each of these 
liquids was capable of neutralizing. The result may be seen 
in the following little table : 


Formic Acid. Acetic Acid, 


Potash..........+. $368 HG vidnecacs AO0% 
DI gales Th oe, ese ake! a LOG ME ES eee 231 
LG 1. Slee vata ts ARGISA Is, abate 213 


3. When distilled with alcohol it forms an ether which has 
the odour of peach blossoms, although no prussic acid can be 
detected in it.+ 

4. Gehlen has described at considerable length the proper- 
ties of formate of soda and formate of copper, and shown 
that their properties are very different from the acetates of the 
same bases. The formate of copper crystallizes in six-sided 
prisms. They have a bluish green colour and a specific gra- 
vity of 1°815, while the specific gravity of acetate of copper is 


* Schweigger’s Jour, iv. 14. + Gehlen, ibid. 
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1°914, It is more soluble in water and less soluble in alcohol 
than acetate of copper. 

5. Berzelius has lately analysed formic acid with much pre- 
cision.* According to his experiments it is composed of 


Pivdiogen! 3 51 J 1i6s s (BBS 
CALIOM. ise seuss nena es OBINO 
Oxyeen'') 62 Ud. 2. GAVE 


100°00 


Formate of lead, according to his experiments, is com- 
posed of 
Formic acta ...%, 100" > 235 tay 47006 
Oxide.or lead... 298'T se %5 5 244 


According to this analysis, the equivalent number for formic 
acid is 4°696. Comparing this with the analysis of formic acid, 
we find that its constitution must be as follows: 


1 atom hydrogen = 0°125 


2 atoms carbon = 15 
3 atoms oxygen = 3° 
4°625 


According to this estimate it differs from oxalic merely in 
containing 1 atom of hydrogen, which seems to be wanting in 
that acid. 


SECT. XXIV. 
OF LACTIC ACID. 


WueEn milk is kept for some time it turns sour; Scheele 
examined the acid thus evolved, and gave it the name of lactic 
acid. He directs the following method of procuring it: 

Evaporate a quantity of sour whey to an eighth part, and 
then filtrate it: this separates the cheesy part. Saturate the 
liquid with lime-water, and the phosphate of lime precipitates, 
Filtrate again, and dilute the liquid with three times its own 
bulk of water; then let fall into it oxalic acid, drop by drop, 
to precipitate the lime which it has dissolved from the lime- 
water; then add a very small quantity of lime-water, to see 
whether too much oxalic acid has been added. If there has, 


* Annals of Philosophy, ix. 107. 
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oxalate of lime immediately precipitates. Evaporate the solu- Subdivis. 1. 
tion to the consistence of honey, pour in a sufficient quantity ogi 
of alcohol, and filtrate again; the acid passes through dis- 
solved in the alcohol, but the sugar of milk and every other 
substance remains behind. Add to the solution a small quan- 
tity of water, and distil with a small heat; the alcohol passes 
over and leaves behind the lactic acid dissolved in water.* 

From the properties of the acid procured by this process, 
Scheele concluded that it was very analogous to the acetic, but 
that it wanted something to bring it to that state. He even 
pointed out a method of procuring vinegar from milk in con- 
siderable quantity, and ascertained that it always yielded a 
little when distilled.+ 

In the year 1802, Bouillon Lagrange published a set of ex- 
periments on lactic acid, from which he drew as a conclusion 
that it is merely acetic acid contaminated with some saline and 
animal matter.t Thenard drew the same conclusion from his 
experiments in 1806.§ Both of these chemists had obtained 
the acid which they examined by distillation. But Scheele 
had expressly stated, that lactic acid when distilled was con- 
verted into acetic acid. ‘The existence of lactic acid, there- 
fore, was by no means disproved by their experiments. The 
subject was taken up by Professor Berzelius, in 1808. In 
the second voiume of his Animal Chemistry, he examined 
the properties of lactic acid in detail, and fully established its 
peculiar nature. || He employed the following process for 
procuring pure lactic acid: 

Extract obtained by evaporating whey to dryness, consists 
of lactic acid, lactate of potash, muriate of potash, phosphate 
of lime, and some animal matter. It was dissolved in alcohol 
and mixed with alcohol, holding th of its weight of con- 
centrated sulphuric acid till there was an excess of sul- 
phuric acid in the solution. Some sulphate of potash 
was precipitated. ‘lo get rid of the other acids it was 
digested over carbonate of lead, till the liquid acquired a 
sweetish taste. By this the sulphuric acid, the phosphoric 
acid, and most of the muriatic acid were separated; but lactic 
acid forming a soluble compound with lead remained in solu- 


* Scheele, Stockholm Trans. 1780. + Scheele, 11. 66. 

t Ann. de Chim. |. 288. § Ann. de Chim. lix. 280. 

|| Forelasningar 1 D’jurkemien, ii. 430. A translation of his account of 
lactic acid is published in the Phil. Mag. xli. 241. 
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tion. A current of sulphuretted hydrogen gas being passed 
through the liquid threw down thelead. The liquid was now 
digested over quicklime till all the animal matter was separated. 
It now contained only lactic acid, muriatic acid, and lime. 
A portion of it was taken and freed from its lime by means of 
oxalic acid. ‘This portion was then saturated with carbonate 
of silver. By means of this solution the remainder of the 
liquid was freed from muriatic acid. | Finally, the lime was 
thrown down by means of oxalic acid, so that nothing re- 
mained but lactic acid dissolved in water. ‘To get rid of a 
small portion of oxalate of lime which it may hold in solution, 
it is proper to evaporate it to dryness and redissolve it in water. 

1. Lactic acid, thus obtained, has a brownish yellow colour, 
and a sharp sour taste which is much weakened by diluting 
the acid with water. While cold it has no smell, but when 
heated it acquires a sharp sour odour, not unlike that of 
sublimed oxalic acid. It does not crystailize, but when eva- 
porated to dryness forms a smooth varnish which gradually 
attracts moisture from the air. It dissolves readily in alcohol. 
When heated it boils, emits a sour smell, and leaves a bulky 
charcoal not easily burnt. When distilled it gives out em- 
pyreumatic oil, water, acetic acid, carbonic acid, and inflam- 
mable gas. 

2. All the salts which it forms with bases are soluble in 
water, and hardly any of them can be made to assume a crys- _ 
tallized form. 

3. Lactate of potash forms a light yellow transparent gummy 
mass, which cannot easily be made hard. When mixed with 
concentrated suiphuric acid no smell of acetic acid is per- 
ceived. It dissolves readily in alcohol. 

4. Lactate of soda possesses nearly the same characters. 

5. Lactate of ammonia has some tendency to crystallize. 
It forms a gummy mass, which acquires in the air an excess 
of acidity. When heated, most of the ammonia is driven off, 
and the residual acid salt deliquesces in the air.’ : 

6. Lactate of barytes, when evaporated, leaves a gummy 
mass soluble in alcohol. Sublactate of barytes is a doughy 
matter which alcohol does not dissolve. 

7. Alcohol, likewise, divides lactate of lime into two por- 
tions. It leaves a sublactate undissolved in the state of pow- 
der. It dissolves the neutral lactate and gives a shining yellow 
varnish which, when slowly dried, cracks all over, and becomes 
opake. 
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"*8, Lactate of magnesia evaporated to the consistence of a Subdivis. 1. 


syrup, and left in a warm place, shoots into granular crystals. 
When hastily evaporated to dryness it forms a gummy mass, 
separable by alcohol into lactate and sublactate. 

9. Ammoniaco-megnesian lactate formed by precipitating 
the preceding lactate by caustic magnesia as long as any pre- 
cipitate falls, shoots into needle-form crystals, which are not 
altered by exposure to the air. 

10. Lactate of silver is of a light greenish yellow colour 
and metallic taste. When slowly dried, it forms a very shin- 
ing varnish. 

11. Protolactate of mercury has a light yellow colour, de- 
liquesces in the air, contains an excess of acid, and is soluble 
in alcohol. Perlactate of mercury is a red gummy deliques- 
cent salt. 

12. There are three lactates of lead. The lactate of lead 
may be obtained by disgesting a solution of lactic acid in. al- 
cohol on litharge. It forms grey crystalline grains. Sublac- 
tate of lead is obtained by digesting the liquid on a greater 
proportion of litharge. The liharge becomes lighter colour- 
ed, swells, and withdraws the acid from the liquid. Super- 
lactate is obtained by digesting lactic acid on carbonate of 
lead. It does not crystallize, but forms a syrup-like mass with 
a sweet austere taste. 

13. Lactate of iron has a reddish brown colour. It does 
not crystaliize, and is insoluble in alcohol. 

14. Lactate of zinc crystallizes. Lactic acid dissolves both 
zinc and iron, disengaging hydrogen gas. 

15. Lactate of copper, according to the different degrees of 
saturation, varies from blue to green and dark blue. 

Such are the properties of this acid determined by Berzelius. 
They are sufficient to distinguish it from every other species 
of acid, and to establish its peculiar nature. According to 
Berzelius, sublactate of lead is composed of 


DACHOC ACI oe cdes LL saddeece 2°67 
Oreide. of lead 4. <.s:5, 88.6 30's. 14 


If we suppose it a compound of 2 atoms oxide of lead and 
1 atom acid, the weight of an atom of this acid would be 5°734. 
Probably 5°75 may be nearly the true number. 

When oatmeal, rice, and several other vegetable bodies 
are mixed with water, and left to spontaneous fermentation, 
they acquire an acid taste and smell. The acid thus formed 
was examined by Braconnot, who considered it as a new acid, 
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and gave it the name of nanceic acid.* In the last edition of 
this work I changed this improper term into xumic acid; but 
stated at the same time my suspicion that this supposed new 
acid was merely lactic acid in a state of purity. This opinion 
of mine has been since confirmed by Vogel, who informs us 
that he has compared the two acids, and found their charac- 
ters identical. + 

It follows from this that lactic acid, when pure, is colourless. 
It is not impossible that it might be made to crystallize, if it 
were placed in the same circumstances that enabled malic acid 
to assume a crystallized form. 


SECT. XXV. 


OF KRAMERIC ACID. 


THE Krameria triandra is a plant which vegetates in Peru, 
the root of which is remarkable for its astringent properties, 
and is said to be employed, by the natives of the country 
where it grows, as a medicine of great efficacy in cases of 
atonic hemorrages. It is said to be brought to London in 
great quantities for the purpose of giving the requisite colour 
to artificial imitations of wine. This root has recently at- 
tracted the attention of M. Peschier, apothecary at Geneva, 
who has detected in it a new acid, which he has distinguished 
by the name of Krameric acid. He obtained this acid in the 
following manner : 

The root (particularly the bark) was boiled with water, and 
by this means a strong decoction was obtained, which had an 
astringent taste, and struck a black with sulphate of iron. To 
free it from the tannin, which it was presumed to contain, the 
decoction from an ounce of the root was mixed with a solu- 
tion of 48 grains of gelatine, which occasioned a reddish 
brown deposite weighing 126 grains. ‘To deprive the de- 
coction of its colouring matter and of its gallic acid, 
which it still contained, 200 grains of sulphate of iron were 
added for every ounce of the root employed in making the 
decoction, and the liquid is then diluted with 7 or 8 pounds of 
water, and filtered. By this means it is rendered nearly co- 
Jourless. It is then boiled with a sufficient quantity of chalk 


* Ann. de Chim. Ixxxvi. 86. 
+ Annals of Philosophy, xii. 394. 


GALLIC ACID. 903 


to decompose all the sulphate of iron which it still retains, subaivis. 1. 
é P B a , Chap. Uf. 

and to saturate the krameric acid present in it. ‘The whole — 
liquid is now passed through the filter and concentrated to 
the requisite degree. The lime is to be thrown down with 
carbonate of potash, and the kramerate of potash is precipi- 
tated by acetate of lead. The kramerate of lead being pro- 
perly washed, is decomposed by a current of sulphuretted hy- 
drogen gas. ‘he liquid being filtered and evaporated to the 
requisite consistency, nothing remains but a solution of kra- 
meric acid in water. 

Krameric acid thus obtained has a strong acid taste, and Properties. 
leaves upon the tongue a peculiar styptic sensation. It can- 
not be made to crystallize. It has no action upon the salts of 
lime and magnesia, but it decomposes all the salts of barytes 
and strontian, forming two salts with each, a supersalt which 
is soluble, and a subsalt which is insoluble in water. Kra- 
merate of barytes is not decomposed nor altered by sulphuric 
acid. So that krameric acid has a stronger affinity for barytes 
than sulphuric acid has. It throws down the salts of lead 
white. Kramerate of potash, soda, ammonia, lime, and barytes 
throw down the salt of iron yellow. It has no sensible 
action on the other metalline salts. 

Kramerate of potash crystallizes in six-sided prisms. 

Kramerate of soda forms large crystals, having the same 
shape, and efflorescing when exposed to the air. 

Kramerate of ammonia yields feather-shaped crystals. 

All these salts are insoluble in alcohol. ‘They have little 
taste, and when thrown into a salt of barytes they occasion a 
precipitate. 

Such are the properties of krameric acid, pointed out by 
M. Peschier. They will require to be verified, and I suspect 
rectified in several points before the peculiarity of this acid be 
fully demonstrated and its characters accurately determined.* 


SECT. XXVI_ 
OF GALLIC ACID. 


THERE is an excrescence, known by the name of nutgall, nistory. 
which grows on some species of oaks, This substance con- 
tains a peculiar acid, called from that circumstance gallic acid; 


* See Jour. de Pharmacie, vi. 34. 
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Bekth, the properties of which were first examined with attention by 

‘ii the commissioners of the Academy of Dijon, and the result of 
their experiments was published in 1777, in the third volume 
of their Elements of Chemistry.* In these experiments, how- 
ever, they employed the infusion of galls, in which the acid is 
combined with tannin. It was reserved for Scheele to obtain 
it nearly in a state of purity. 

Prepara- 1. He observed in an intusion of galls made with cold water 

Kis a sediment, which proved on examination-to have a crystalline 
form and an acid taste. By letting an infusion of galls re- 
main a long time exposed to the air, and removing now and 
then the mouldy skin which formed on its surface, a large 
quantity of this sediment was obtained; which being edulco- 
rated with cold water, redissolved in hot water, filtrated and 
evaporated very slowly, yielded an acid salt in crystals as fine 
as sand.+ 

Deyeux has proposed a much speedier method of obtaining 
gallic acid; { but it does not succeed without a good deal of 
precaution. It consists in exposing pounded nutgalls in a 
large glass retort to a heat cautiously and slowly raised. A 
number of brilliant white crystalline plates are sublimed, 
which possess all the properties of gallic acid. Care must be 
taken not to apply too great a heat, and to stop the process 
before any oil begins to come over, otherwise the crystals will 
be redissolved, and the whole labour lost. 

M. Braconnot has contrived another process, which appears 
to be both more economical, and more effectual than either 
of the preceeding ones. It is merely an improvement of the’ 
process of Scheele, and is as follows: 

Two hundred and fifty grammes of nutgalls were infused 
for four days in a litre of water (nearly half a pound avoir- 
dupois of nutgalls ina wine quart of water), taking care to 
agitate the mixture from time to time. The whole was then 
squeezed through a cloth, and the liquid passed through a 
filter. It was then left in an open glass decanter from July 22 
to September 22, or two months. Its bulk had not sensibly 
diminished ; but it had deposited a considerable quantity of 


% 


* Vol. in. p. 408. 

+ Stockholm Trans. 1786.—The crystals obtained by this method always 
contain a portion of tannin, and are of a brown colour. 

t This method was in fact discovered by Scheele; but Deyeux repeated 
it, and pointed out the proper precautions. See Crell’s Annals, i. 29. 
Eng. Trans. 
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-erystals of gallic acid. These were separated by squeezing - 
the liquid through a cloth. ‘The liquid, when evaporated to 
the consistence of a syrup, deposited an additional quantity 
of crystals, which were separated in the same manner. The 
residual matter of the nutgalls from which the infusion had 


been procured, when moistened with water and left to spon- 


taneous fermentation, yielded an additional crop of crystals 
- when treated with hot water. So that nutgalls when properly 


treated may be made to yield the fifth part of their weight of 


 gailic acid. 


By these different processes M. Braconnot obtained 62 
grammes of gallic acid, still coloured and mixed with an in- 


- soluble powder. It was boiled with 18 cubic inches of water, 


and filtered while boiling hot. The liquid on cooling de- 
posited 40 grammes of crystals of gallic acid of a yellowish 
white colour, The mother water was brown, and when pro- 
perly evaporated yielded 10 grammes more of crystallized 
gallic acid, darker coloured than the first crystals. To free 
these crystals entirely from colouring matter, they were mixed 
with eight times their weight of water, and about the fifth of 
their weight of ivory-black, and the mixture was kept for 
about a quarter of an hour at the boiling temperature. It 
was then filtered while hot; on cooling it concreted into a mass 
of perfectly white crystals of gallic acid, which were separated 
from the liquid by pressure in a cloth.* 

2. Gallic acid thus obtained, is white like snow and quite 
pure. Its taste is weakly acid, and it leaves in the mouth an 
Be byession of sweetness. 
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. It is soluble in 14 parts of boiling water, and in 12 parts Solubttity. 


of Sa water. When this solution is heated, the acid under- 
goes a very speedy decomposition. Alcohol! dissolves one- 
fourth of its weight of this acid at the temperature of the 


atmosphere. When boiling hot, it dissolves a quantity — 


to its own weight. It is soluble also in ether. 


4. When acad to the action of heat, it is sublimed, but Action of 


its properties are somewhat altered, as Bouillon Lagrange has 
shown. In like manner the acid sublimed by Deyeux’s pro- 
cess differs in its properties from the crystallized acid of 
Scheele. Deyeux announced, that when the gallic acid is dis- 
tilled it yields oxygen gas. When Berthollet repeated the 
experiment he obtained only carbonic acid. Bouillon La- 
grange has shown, that besides the carbonic acid, there comes 


* Ann. de Chim, et de Phys. ix. 181. 
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over likewise a portion of heavy inflammable air, and that 
water is formed. By repeated distillations the whole acid may 
be decomposed and converted into these products. 

5. Gallic acid in crystals is not altered by exposure to the 
air. Neither oxygen gas, the simple combustibles, nor azote, 
seem to have any particular action on it. Its action on the 
metals has not been examined. When the solution of this 
acid in water is exposed to the air, it gradually acquires a 
brown colour, and the acid is destroyed; the surface of the 
liquid becoming covered with mouldiness. 

6. It combines with alkaline bodies, separating the carbonic 
acid if they were in the state of carbonates. ‘The compounds 
formed have received the name of gallates; but hitherto have 
scarcely been examined. Indeed they may be said not to exist. 
For bases, as has been shown by Mr. Serturner, have the pro- 
perty of acting on gallic acid and speedily decomposing it.* 

7. In alkaline solutions it occasions no deposit, but when 
dropped into barytes water, strontian water, or lime water, it 
gives them a bluish red colour, and occasions a flaky precipi- 
tate composed of the acid combined with the earths. 

Gallic acid occasions a precipitate when poured into solu- 
tions of glucina, yttria, and zirconia in acids. ‘This property 
distinguishes these three bodies from all the other earths, 
none of which are precipitated from their solutions in acids 
by gallic acid. | 

8. Upon the metallic solutions it acts with considerable 
energy, changing the cclour, and producing precipitates in 
many of them. Hence it is frequently used as a reagent to 
detect the presence of metallic bodies; but the difficulty of 
freeing it sufficiently from tannin renders it scarcely safe to 
trust the experiments hitherto made on that point. Richter 
has shown, that it is not capable of taking iron from sulphuric 
acid, as has been hitherto supposed, unless it be assisted by 
the action of some other body which has an affinity for sul- 
phuric acid. He has endeavoured to show, too, contrary to 
the experiments of Proust, that it strikes a black with all the 
oxides of iron. Berthollet employed his ingenuity to establish 


* Schweigger’s Journal, iv. 410. 

+ It is not unlikely that these precipitates are occasioned by the presence 
of a little tannin, and that they would disappear if the acid were pure. 

t If we except their solutions in carbonic acid. Alumina is precipitated 


from acids by infusion of nutgalls. 
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the same doctrines, but he by no means silenced Proust, who Subdivis. 

published experiments apparently decisive. a 
When it precipitates metallic oxides, gallic acid appears to 

act by bringing them nearer to the state of metals, and some 

of them, as gold, are completely reduced. 

9. This acid has been lately analysed with much precision 


by Berzelius,* according to whose experiments it is composed 


ef 


Hydrogen oneoevee @@ 5:00 ual 
Max OOU ' bisve.si vsis'a'v") DOIOL aN 
ORY Pelt oe eww resis 88°36 


100°00 


According to this analysis the constitution of gallic acid is as 
follows : 

3 atoms hydrogen .... = 0°375 

6 atoms carbon ...... = 4°5 

3 atoms oxygen ...... = 3°0 


Atom of acid weighs .... 7°875 


According to the analysis of Berzelius, gallate of lead is com- 
posed of 

Gallic acid ...... 100 deieved 18°047 

Oxide of lead: .14.°9739'97 J. 14 


According to this analysis the weight of an atom of gallic 
acid is 8, while, according to the analysis of the acid itself, its 
weight is 7°875. The difference between the two weights is 

— 0°125, which is exactly an atom of hydrogen. If we consider 
the analysis of the gallate of lead as the more accurate, the 
acid, instead of 3, must contain 4 atoms of hydrogen. 


SECT. X XVII. 
OF TANNIN.F 


NvuTGaLts contain several other ingredients besides gallic History. 
acid; but one of the most remarkable and important is the 


substance called tannin, which will occupy our attention in this 
section. 


* Annals of Philosophy, v. 176. 


+ The acid properties of tannin are fully as well marked as those of 


gallic acid. 1t would be better, therefore, perhaps, to give it the name of 
tannic acid. 
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The first attempt at a regular examination of the properties 
of nutgalls was made by Dr. Lewis, during a set of experi- 
ments undertaken to ascertain the best mode of making ink.* 
He detected in them a substance which precipitates black + 
with the oxides of iron, and -coayudates with isinglass; { but 
chemistry, m his time, had not made sufficient progress to 
enable him either to separate or examine this substance. 
Deyeux was, perhaps, the first chemist who ascertained the 
peculiar nature of ¢annin. He pointed it out in his analysis 
of nutgalls asa peculiar resinous substance, but without assign- 
ing it any name.§ Seguin soon after engaged in a set of ex~ 
periments on the art of tanning leather; || during which he 
discovered that éannin has the property of precipitating glue 
from its solutions in water, and of combining with the skins 
of animals. This led him to suppose it the essential consti- 
tuent of the liquids employed for the purpose of tanning lea- 
ther. Hence the names tannin and tanning principle given it 
by the French chemists; but it is to Mr. Proust that we are 
indebted for the first investigation of the nature and properties 
of tannin, and of the methods of obtaining it in a separate 
state.** Much curious and important information has like- 
wise been obtained by the experiments of Sir H. Davy on 
the constituent parts of astringent vegetables, and on their 
operation in tanning.¢+ Fiedler,t{ Richter,§§ Merat Guil- 
lot,|| || and Bouillon Lagrange,*** have also published in- 
teresting experiments on this difficult subject. 

An elaborate dissertation on tannin was published by 
Trommsdorf in the summer of 1804;+++ in which he analysed 
the opinions of Proust, and examined the properties of tan- 
nin with his usual industry. Many of his conclusions had 
been anticipated by Davy, whose labours, however, they serve 
to corroborate and confirm; but the labours of Mr. Hatchett 
have formed a new era in the history of tannin. This saga- 
cious philosopher, during a set of experiments on resins and 
bitumens, discovered a method of forming tannin artificially 


* Philosophical Commerce of the Arts, p. 377. 

+ Ibid. p. 346. { Ibid. p. 387. 

§ Ann. de Chim. xvii. 23. || Ann. de Chim. xx. 38. 

** Ann. de Chim. xxv. 225,—xxxv. 32;—and xlii. 89. 

++ Phil. Trans. 1803, p. 233; and Jour. of the Royal Instit. vol. ii. 

tt Jour. de Chim. i. 86. §§ Jour. de Chim. ii). 307, and 334. 
{||| Ann. de Chim. xh. 323. *** Ann. de Chim. lvi. 172. 

ttt Gehlen’s Jour. i. 111, 


\ 


= 


TANNIN. 209 


from almost every animal and vegetable body, and thus fur- pines 
nished chemists with the means of procuring it with facility RAY 
in a state of purity. His dissertations on an artificial tan- 
ning substance were read to the Royal Society in the summer 
of 1805. 

These discoveries will make it proper for us to divide this 
subject into two parts. We are now in possession of two 
kinds of tannin; one kind formed in plants by the processes 
of vegetation: another formed artificially by the methods 
pointed out by Mr. Hatchett: each of these appears capable 
of assuming different modifications, either from slight altera- 
tions in the constituents, or from the combination of small 
portions of foreign bodies. 


I, NATURAL TANNIN, 


1. Tannin exists ina great number.of vegetable substances ; 
but it may be procured most readily and in the greatest purity 
from nuigalls and catechu. 

Nutgalls are excrescences formed on the leaves of the oak Preparation 
by the puncture of an insect which deposits it eggs on them. gan. 
The best are known by the name of 4leppo galls imported in 
large quantities into this country for the use of the dyers, 
callico-printers, &c. They are hard like wood, round, often 
nodulated on the surface, of a bluish colour, and an. exces- 
sively disagreeable taste. They are in a great measure soluble 
in water; what remains behind is tasteless, and possesses the 
properties of the fibre of wood. A very great proportion of 
water is necessary to carry off every thing soluble. Deyeux 
found that a French pound of nutgalls required 96 French 
pints of water, applied in 20 different portions one after the 
other, and allowed to macerate each a considerable time.* 
This, reduced to our standard, gives us about 150 English 
pints to a pound troy of nutgalls. But Trommsdorf exhaust- 
ed the soluble part of nutgalls, by means of 40 times their 
weight of water, applied in three successive portions, each 
continuing two days on the galls, at the temperature of 66°. 

From the analyses of Deyeux,and Davy, it follows, that the 
soluble part of nutgalls consists chiefly of five ingredients ; 
namely, tannin, extractive, mucilage,f gallic acid, and gallate 


* Ann. de Chim. xvii. 12. + Gehlen’s Jour. ii. 113. 
{ Extractive and mucilage are vegetable substances, which will be treated 
of in a subsequent part of this work. 
VOL, II. P 
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of lime. Davy found that 500 grains of Aleppo galls formed 
with water a solution, which yielded by slow evaporation 185 
grains of matter. This matter he found composed of 


130 tannin 
31 gallic acid and extract 
12 mucilage and extract 
12 lime and saline matter 


lie 


So that the tannin constitutes rather more than two-thirds of 
the whole. 

2. No fewer than six methods have been proposed to sepa- 
rate tannin from the infusion of nutgalls, and procure it in a 
state of purity; but none of them answers the purpose com- 
pletely. 

First, When a solution of muriate of tin is dropped into 
the infusion of nutgalls, a copious yellow precipitate imme- 
diately falls; which, when separated by filtration and dried, 
assumes the appearance of a buff-coloured light powder. Ac- 
cording to Mr. Proust, who first examined this powder, it is 
a compound of oxide of tin and tannin. If it be mixed with 
water, and a current of sulphuretted hydrogen gas be passed 
through it, sulphuret of tin is formed, which remains insolu- 
ble; and the tannin, as it is separated from the oxide, dis- 
solves in the water. ‘This water, when freed from the sulphuret 
by filtration, and evaporated to dryness, leaves a brown-co- 
loured substance, which Proust considered at first as pure 


tannin.t But as the infusion of nutgalls contains a portion of | 


extract, which is likewise precipitated by muriate of tin, it is 
obvious, that by this process we ‘do not obtain pure tannin, 
but a combination of tannin and extract. Neither is the 
whole of the tannin precipitated; a portion of it combined 
with the oxide remaining in solution, unless thrown down by 
an alkali.t Davy has rendered it probable that this precipi- 


tate contains also muriatic acid.§ rom these facts it is obvi- | 


ous that pure tannin is not obtained by this process. 


Second, When the infusion of nutgalls, somewhat concen- | | 
trated by evaporation, is mixed with a saturated solution of | 
carbonate of potash, a yellowish-white matter precipitates | 


* Phil. Trans, 1803, 251. + Ann. de Chim. xxy. 226. 
+ Proust, Ann. de Chim. x]ji. 89. § Phil. Trans. 1803, p. 249. 
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abundantly in the form of flakes. When this precipitate is a 
dried, it assumes the form of a whitish powder, which was first : 
examined by Deyeux, to whom we are indebted for the pro- 
cess.* Proust considers this precipitate as pure danni ; and 
accordingly proposes this process as one of the easiest for pro- 
curing that substance from the infusion of nutgalls. Accord- 
ing to him, carbonate of potash has a stronger affinity for 
water than tannin. Hence the reason that it occasions its 
precipitation.; But this conclusion is by no means consistent 
with the properties of the precipitate ascertained by Deyeux, 
and is altogether inconsistent with the properties ascertained 
by Davy. Its colour is white; it is nearly tasteless; it is not 
completely soluble in water; when heated, it yields crystals 
of gallic acid. Davy has shown that it consists chiefly of 
tannin and gallic acid combined with the carbonates of potash 
and lime.t The results obtained by Davy are confirmed like- 
wise by the subsequent experiments of Trommsdorf.§ ‘This 
method of course, does not yield pure tannin. 

Third, When concentrated sulphuric or muriatic acid is 
dropped into a strong infusion of nutgalls, a white curdy pre- 
cipitate immediately falls. This fact was first observed by 
Dizé.|| According to Proust, the precipitate is a compound 
of tannin and the acid employed. If we wash it with cold 
water, dissolve it in boiling water, and saturate the acid with 
carbonate of potash, the tannin, according to him, separates 
in a state of purity. It may be washed with cold water and 
dried.** But, besides tannin, extract must be present in this 
precipitate ; for it is well known that it is thrown down by 
sulphuric acid. Davy has rendered it probable that it con- 
tains also some gallic acid. By distilling it in a heat above 
212°, he obtained a yellowish-ccloured liquid, which gave a 
black colour to persuiphate of iron, though it formed no pre- 
cipitate with gelatine; it therefore contained gallic acid.++ 
Trommsdorf’s experiments show us likewise that this method 
does not yield pure tannin.{t 

Fourth, If lime-water be mixed with an infusion of nut- 
galls, a copious precipitate fails. When this precipitate is 
treated with diluted nitric or muriatic acid, an effervescence 
takes place, the liquid becomes deep-coloured; and when 


* Ann. de Chim. xvii. 19. + Ann. de Chim. xxxv. 32. 

} Phil. Trans. 1803, 945. § Gehblen’s Jour. 11. 117. 

jj Ann. de Chim. xxxiv. 37. ** Ann, de Chim. xxxiv. 37. 
tf Tlil, Trans. 1803, 240. tt Gehlen’s Jour. ii. 127, 
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Book 1. filtrated leaves behind it a substance of a brilliant black co- 
wwsienT Jour, which Merat-Guillot, to whom we are indebted for this 


process, considers as pure tannin.* But Davy has shown 
that it must also contain the extractive matter, which is 
thrown down in combination with lime as well as the tan- 
nin.t The effervescence indicates sufficiently the presence of 
carbonic acid; a proof that the precipitate is even still more 
complicated. This method, then, is scarcely preferable to 
the former. 

Fifth, The process of Bouillon Lagrange is as follows: Into 


an infusion of nutgalls drop a solution of crystallized carbonate 


of ammonia, as long as any precipitate continues to fall. 
Separate the precipitate by a filter, and wash it with cold 
water till the liquid comes off colourless. ‘Then digest it re- 
peatedly in alcohol, of the specific gravity 0°817, till the liquid 
ceases to redden the tincture of litmus. Dry it between folds 
of blotting paper.f But it is obvious that this method cannot 
be sufficient to separate the tannin from the extractive matter 
with which it appears to be chemically combined. 

Sixth, The process practised by Trommsdorf, though not 
unexceptionable, appears to yield tannin in a state of greater 
purity than any other hitherto thought of. It is as follows: 
Three parts of nutgalls were reduced to powder, and digested 
with 40 parts of water for three days, at the temperature of 
66°, the mixture being frequently stirred. ‘The whole was now 
passed through a linen strainer, the liquid set apart, and the 
powdered nutgalls remaining on the strainer were treated as 
before with 40 parts of water. This digestion with fresh water 
was continued till four different infusions in all had been drawn 
off the nutgalls. The last of these was colourless, and pro- 
duced no change upon the solution of iron. These infusions 
were mixed together, and evaporated gently down to one- 
fourth in a porcelain basin. The liquid being now muddy was 
passed through a thick linen cloth, by means of which a quan- 
tity of extractive was separated. ‘The whole was then eva- 
porated to the consistence of a jelly, and placed upon a flat 
porcelain dish near a stove till it became quite dry. The 
brown-coloured substance thus obtained was digested with 
thrice its weight of pure alcohol ;§ and this digestion was re- 

* Ann. de Chim. xli. 323. + Phil. Trans. 1803, 262. 

t Ann. de Chim. lvi. 172. 


§ Alcohol, of the specific gravity 0°796, is at present considered as pure, 
or free from water. 
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peated in all three times, till the last portion of alechol was subaivis. t. 
found to contain no trace of gallic acid. In order to make ("1 
sure of removing the gallic acid, the dry residue was digested 
twice successively with alcohol containing ten per cent. of 
water. It was now considered as tannin in a considerable de- 
gree pure, but still contaminated with some extractive and 
mucilaginous matter. ‘To get rid of these, the whole was dis- 
solved in distilled water, and repeatedly evaporated to dryness, 
in hopes of rendering the extractive insoluble; but nothing 
was separated by this process. When the solution was left 
for some time in a warm place, a mould collected on the sur- 
face, which was remeved, and ascribed to a portion of muci- 
lage which had been present. The solution being now filtered, 
and evaporated to dryness, left a residue consisting of tannin 
in a state of considerable purity, but still contaminated with a 
quantity of sulphate of lime. To get rid of this salt, Mr. 
Trommsdorf employed the following method: The tannin 
was dissolved in water, and carbonate of potash dropped in as 
long as any precipitate fell. The liquid was separated from 
this precipitate by filtration, and mixed with acetate of lead. 
A powder fell, consisting of the oxide of lead combined with 
tannin. ‘This powder was washed and dried ; and being mixed 
with water, a current of sulphuretted hydrogen was passed 
through. By this means the lead was separated and remained 
in combination with sulphur, while the tannin dissolved in the 
water. The liquid being now filtered, boiled, and evaporated 
to dryness, left a residue, which may be considered as tannin in 
a state of as great purity as it can be procured from nutgalls.* 
3. Catechu, or terra japonica as it is also called, is a substance From cate- 
obtained by decoction and evaporation from a species of mi- 
mosa which abounds in India. It has a reddish-brown colour, 
an astringent taste, leaving an impression of sweetness; it is 
not altered by exposure to the air. There are two varieties of 
it; one from Bombay, which has the lightest colour, and a spe- 
cific gravity of 1°39; and one from Bengal, which is of the 
colour of chocolate; its specific gravity is 1°28.+ This sub- 
stance was examined by Davy, and found to consist chiefly of 
tannin combined with a peculiar species of extractive. Ifthe 
darkest parts of the catechu be selected, and infused in cold 
distilled water for a short time, the infusion, when evaporated 
to dryness, consists of tannin combined with a very minute 


* Gehlen, iii. 113, and 124, + Davy, Ibid. 252. 
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Book 1. Quantity of extract. It may, therefore, be employed to ascer- 

Reiss tain the properties of tannin. 

Properties. = 4, Tannin procured from nutgalls by Trommsdorf’s me- 
thod, is a substance of a brown colour, brittle, and breaking 
with a resinous fracture. Its taste is bitter and very astrin- 
gent, like that of nutgalls. 

It dissolves readily in water, both hot and cold, and forms 
a solution of a brown colour, which, from ‘Trommsdorf’s ex- 
periments, does not seem liable to become mouldy, nor to un- 
dergo a spontaneous decomposition when exposed to the air in 
a moderate heat. 

ers Pure alcohol does not dissolve tannin; but it is readily sO- 
luble in alcohol diluted with water, even though the portion of 
water be but small. Thus alcohol, of the specific gravity 
0°818, dissolves it, though it contains, according to Lowitz’s 
table, only =;th of water. ‘These important facts seem first 
to have been observed by Richter, and to have furnished him 
with his method of procuring gallic acid in a state of purity. 

Action of 5. From the experiments of Proust, Davy, and Deyeux, we 

oxygem learn that it is capable of combining with oxygen; but at the 
same time it is either decomposed altogether, or its nature 
completely altered. ‘Thus nitric acid converts it into a yellow- 
ish brown matter soluble in alcohol, and similar in its proper- 
ties to an extract.* Chlorine produces similar effects; and 
Mr. Proust has observed, that the peroxide of tin changes it 
also into an extract,+ perhaps by communicating oxygen. 

6. The action of the simple acidifiable combustibles on tan- 

-nin has not been examined. 

- Action of 7. The action of the metals upon tannin does not seem to 

| ae great; but almost all the metallic oxides have an affinity for 
it, and are capable of combining with it; the compound is 
usually nearly insoluble in water. Hence the reason why the 
infusion of nutgalls precipitates metallic solutions so readily. 
These compounds have been hitherto in a great measure over- 
looked by chemists. ‘The following observations contain the 
facts at present known. 

When the peroxide of tin or zinc is boiled in the infusion of 
galls, it acquires a dull yellow colour, and abstracts all the 
constituents from the infusion, leaving behind only pure water. 
The oxides thus combined with tannin, Xc. are partly soluble 
in muriatic acid, and the solution indicates the presence of tan- 


* Davy, Phil. Trans. 1803, 241. + Ann. de Chim. xlii. 93. 
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nin and gallic acid.* When peroxide of tin is allowed to act Subdivis. 1, 


upon the cold infusion, it abstracts all its constituents in a few 
days; but Mr. Proust+ affirms, that in that case the gallic acid 
is mostly destroyed, and a portion of the tannin brought te 
the state of extractive. 

When the metallic salts are mixed with the infusion of galls, 
the precipitate consists of the metallic oxide combined with the 
tannin, the extract, and the acid of the infusion; and, ac- 
cording to Davy, it contains also a portion of the acid of the 
metallic salt.t — 

Tannin does not seem to produce any change upon the so- 
lution of sulphate of iron: but when it is mixed with a solu- 
tion of the persulphate of iron, a deep blue-coloured precipi- 
tate immediately appears, consisting of the tannin combined 
with the oxide. This precipitate, when dried, assumes a black 
colour. It is decomposed by acids. 

When too great a proportion of persulphate of iron is poured 
into a solution of tannin, the sulphuric acid set at liberty by 
the combination of the iron and tannin, is sufficient to re-dis- 
solve the precipitate as 1t appears: but the precipitate may 
easily be obtained by cautiously saturating this excess of acid 
with potash. When the experiment is performed in this man- 
ner, all the persulphate of iron which remains in the solution 
undecomposed is converted into sulphate. Mr. Proust sup- 
poses that this change is produced by the tannin absorbing 
oxygen from the iron. 

8. One of the most important properties of tannin is the in- 


Chap, If, 


Tannino 


soluble compound which it forms with glue or gelatine, as this combine 


substance is termed by chemists. It is therefore employed to 
detect the presence of gelatine in animal fluids; and, on the 
other hand, solutions of gelatine are employed to detect the 
presence of tannin in vegetable fluids, and to ascertain its 
quantity. Now, although the compound of gelatine and tan- 
nin is insoluble in water, it is soluble both in the solution of 
tannin and gelatine when sufficiently diluted. It is necessary, 
therefore, that the solution of gelatine, used to detect tannin, 
should be as concentrated as is consistent with its perfect flui- 
dity ; for glue, when gelatinous, does not act upon tannin. = It 
is necessary also that it should be employed quite fresh; for 
when in a state of putrefaction, it loses its property of preci- 


* Davy, Phil. Trans. 1803, p. 244. + Ann. de Chim. xlii. 92, 
$ Phil. Trans. 1803, p. 241. ; 
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pitating tannin.* Davy has ascertained, that the best propor- 


meee”, Geom for use is a solution of 120 grains of isinglass}+ in 20 


Action of 
alkalies, 


Of earths. 


ounces of water. Care must be taken not to add an excess of 
the solution to the liquid from which the tannin is to be sepa- 
rated; because the compound of tannin and gelatine is re- 
dissolved by the solution of gelatine. According to the ana- 
lysis of Davy, this compound, when dried in the temperature 
of 150°, is composed of 


54 gelatine 
46 tannin 


orc 


100t¢ 


9. Potash and soda combine with tannin, and form with it a 
compound less soluble in water than pure tannin, and which 
does not precipitate glue till the alkali is saturated with an 
acid.§ Ammonia produces the same effects. The fixed alka- 
lies occasion 2 precipitate in concentrated solutions of tannin, 
but ammonia throws down nothing. || 

When potash or soda is added to the infusion of nutgalls, 
the liquid assumes a reddish-brown colour, and loses the pro- 
perty of precipitating gelatine till the alkali is saturated with 
an acid. When the alkalized infusion is evaporated to dry- 
ness, an olive-coloured mass remains, of a faint alkaline taste, 
which deliquesces in the air. Ammonia produces the same 
effect upon the infusion of galls; but when the mixture is ex- 
posed to the heat of boiling water, part of the ammonia flies 
off, a precipitate falls, consisting of most of the tannin and 
gallic acid, while the extract remains in solution.** 

10. When barytes or lime water is poured into a solution of 
tannin, a precipitate falls, consisting of tannin combined with 
the earth, and the solution becomes nearly colourless. ‘The 
precipitate dissolves with difficulty in water, and does not act 
upon the infusion of glue till the earth is saturated with an 
acid.tt 


When newly precipitated magnesia is agitated with the in- 


* I find that even the addition of as much alcohol asis consistent with the - 
gelatine remaining in solution does not preserve it in a proper state for use. 

+ Isinglass is glue or gelatine nearly pure, as has been shown by Mr. Hat- 
chett. 

{ Phil. Trans. 1803, p. 235 and 250. 

§ Trommsdorf, Gehlen, iii. 144. || ibid. 

#* Davy, Phil. Trans. 1803, p. 241. 

++ Trommsdorf, Gehlen’s Jour, ii. 145. 
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fusion of tannin, it unites with a portion of it, and forms a Subdivie. 1. 

: P ° : Chap. iff. 
smoky brown powder insoluble in water, but soluble in acids. 
Alumina produces the same effect, and forms a similar com- 
pound.* 

When barytes, strontian, or lime-water, is poured into the 
infusion of galls, an olive-coloured precipitate falls, which con- 
sists not only of the tannin, but also of the extract, and most 
of the gallic acid combined with the earth. When magnesia 
is mixed or boiled with this infusion, it combines with all its 
constituents; the gallate remains mostly in solution, and gives 
the liquid a green colour; while the tannin and the extract 
form with the magnesia an insoluble compound, and give it a 
dirty yellow colour. Alumina in small quantity produces ex- 
actly the same effect: but when used in a greater proportion, 
it separates all the constituents of the infusion.+ 

When the earthy carbonates are boiled in the infusion of 
galls, they separate the tannin and the extract, while they com- 
bine with the acid, and form with it a salt which remains in 
the liquid, and gives it a green colour.t 

11. Most of the acids have the property of combining with of acias. 
tannin, and of forming solutions more or less soluble. Acetic, 
phosphoric, oxalic, and malic acids, occasion no precipitate 
when dropped into a concentrated solution of nutgalls. Ar- 

genic acid produces a copious precipitate, soluble in boiling 

water, and precipitating glue after the acid has been neutralized 
by an alkali. Muriatic acid likewise produces a precipitate 
mostly soluble in hot water. The same remark applies to sul- 
phuric acid. But this acid alters and gradually decomposes 
tannin. Nitric acid produces no precipitate in the infusion of 
nutgalls. ‘The mixture becomes hot, and assumes a red colour, 
which gradually changes to a yellow. By the action of this 
acid a bitter-tasted substance is formed, which possesses the 

| properties of malic acid.§ 

12, When tannin is distilled, it yields an acid liquor, which 
blackens solutions of iron, because it contains a little tannin 
unaltered: there comes over also some empyreumatic oil, and 
a voluminous coal remains behind, amounting to ;!; of the tan- 
nin distilled.|| 


* Trommsdorf, Gehlen’s Jour. iii. 145. 

+ Davy, Phil. Trans, 1803, p. 241. t Ibid. 
§ Trommsedorf, Gehlen’s Jour. iii. 142. 

| Proust, Ann. de Chim. xxxv. 35, 
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13. Tannin has been lately analysed: with much precision by. 
Berzelius.* He first formed a compound of tannin and yel- 
low oxide of lead, or a tannate of lead. He found its compo- 
sition as follows : 


Tanners «Peet ore 100" 99 CF, M269 8s 
Oxide of lead ...... BOSS PP YS 


From this it appears that the weight of an atom of tannin 
is Ho less than 26°923. Weshall consider 26°875 asthe weight 
of an atom of tannin as determined by this analysis. [He after- 


- wards determined the constituents of tannin to be the following: 


Eiydrogen islileewatsi. $0. . 4°186 
GCanbom iisuie.ai.caxuuih 514860 
Mxnyean (si. isan caw. a6 44°65 4 

100°000 


q 


Now the constitution of tannin, as determined by these num- 
bers, which comes nearest to its weight as resaliing from tan- 
naiec of lead, is as follows: 


9 Atoms hydrogen = 1°125 
18 Atoms carbon .. = 13°500 
12 Atoms oxygen.. = 12°000 

26'623 


The difference between these two numbers is equivalent te 
two atoms of hydrogen. I think it most probable that the 
number 26°625 is nearest the truth. 

The reader will perceive that the number of atoms in the 
preceding table, denoting the component parts of tannin are 
divisible by 3. If we perform this division, we obtain 

3 Atoms hydrogen... = 0°375 
6 Atoms carbon .... = 4°500 
4 Atoms oxygen .. = 4°000 


8°875 
Now in order that 8°875 may be the equivalent number for 
tannin, we have only to suppose that the salt analysed by Ber- 
zelius was a tritannate of lead; which was very probably the 


case. But if 8°875 be the equivalent number for tannin, it 


differs from gallic acid, merely by containing an additional 
atom of oxygen 
* Annals of Philosophy, v. 182. 
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14. Such are the properties of the tannin of nutgalls, as far subaivis. 1. 
as they have been ascertained. ‘The difficulty of procuring it 2 "S 
in a state of purity renders some of them ambiguous, and has 
induced chemists to employ as a reagent the entire solution of 
nutgalls. 

This solution is employed in considerable quantities by the writing 
dyers, and it forms the principal ingredient in writing ink. It ose 
is not known at what period this important liquid came into 
use; but the ink of the ancients was composed of very differ- 
ent ingredients, being analogous to the ink used by the printers 
at present. We are indebted to Dr. Lewis for a valuable set 
of experiments on the best mode of making ink. 

This liquid consists of a solution of sulphate of iron in the 
infusion of nutgalls, and seems to owe its black colour chiefly 
to a combination of the tannin with the oxide of iron, or per- 
haps with the sulphate, and partly also to the combination of 
gallic acid and oxide of iron. ‘The fullest black is produced 
when equal weights of green vitriol and galls are used; but 
the ink very soon fades. To make it permanent, the galls 
ought to be thrice the weight of the vitriol. No other solution 
of iron but the sulphate forms with nutgalls a full black. 
When the mixture of the infusion of nutgalls and green vitriol 
is diluted with much water, the black matter precipitates, and 
forms a sediment not again soluble. « The addition of logwood 
increases the blackness of the ink. ‘The following formula 
was ascertained by Dr. Lewis to yield the best ink: 


TOO oa ngs ne,» .. l ounce 
Nutgalls in powder...... 3 

Cee VitEIOl ww. oe cs oe L 

INE EOE ty «ys oho 5s a2 's op 1602 quarts. 


Boil the logwood and nutgalls in the water, adding new liquid 
in proportion to the evaporation, then strain through a cloth, 
and add the vitriol to the water, adding at the same time from 
one to two ounces of gum arabic. As soon as these have dis- 
solved, the ink is fit for use.* Some recommend the addition 
of a little cloves in powder to prevent mouldiness. 

15. Mr. Proust has announced it as his opinion, that there 
exist various species of tannin in the vegetable kingdom, differ- 
ing from each other like the oils, resins, &c. He has even 
enumerated several of these varieties, and pointed out their 
characteristics. 


* See Lewis’s Phil. Com. p. 377. + Ann. de Chim. xhi. 94/ 
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It is by no means unlikely that this opinion is well founded, 
and the experiments of Mr, Hatchett serve to confirm it: but 
it is impossible to admit it as demonstrated till a process be 
discovered for obtaining tannin in a state of purity; for the 
differences between the varieties pointed out by Proust may 
be owing to the presence of foreign substances which disguise 
its properties. At any rate, this subject will come under our 
consideration more properly in the Second Part of this Work, 
when we enumerate the different vegetable substances that 
contain tannin. 


II. ARTIFICIAL TANNIN. 


The important discovery, that a substance possessing similar 
properties to the tannin of nutgalls may be formed artificially 
by a very simple process, was wade by Mr. Hatchett in the 
course of a set of experiments on the slow carbonization of 
vegetable bodies, and detailed by him in two papers read to 
the Royal Society in 1805. 

1. To form this artificial tannin, we have only to digest di- 
juted nitric acid on charcoal till the whole, or nearly the whole, 
is dissolved. Mr. Hatchett usually employed 100 grains of — 
charcoal, and 500 grains of nitric acid of the specific gravity 
1°40, diluted with twice its weight of water. On heating this 
mixture in an open matwass a considerable effervescence was 
produced, and much nitrous gas escaped. After two days 
digestion, more nitric acid was added, and the digestion was 
continued till the solution was complete. The solution thus 
obtained was transparent, and of a dark brown colour; which 
being evaporated to dryness, leaves a brown coloured mass. 
This is the artificial tannin. To free it from the last portions 
of nitric acid, Mr. Hatchett found the best method was to 
dissolve it repeatedly in water, and evaporate cautiously to 
dryness with a gentle heat. 

By this method 100 grains of charcoal were converted into 
120 grains of artificial tannin; but of these Mr. Hatchett sup- 
poses three grains to be moisture. 

2. Tannin thus prepared is a substance of a brown colour, 


Its taste is bitter and highly astringent. It has no smell. 

It dissolves readily in cold water, forming a transparent so- 
lution of a deep brown colour. Alcohol also dissolves it.* 

* The alcohol used by Mr. Hatchett was probably weak. The action of 


pure alcohol has not been tried. Were it soluble in it, this would form a 
3 
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3. ‘The solution of artificial tannin immediately ipinaki SS 
giue, or isinglass, from water. The precipitates are more or 
less brown according to the strength of the solutions, and 
always insoluble both in hot and cold water. To ascertain 
the proportion in which these bodies unite, Mr. Hatchett dis- 
solved 50 grains of artificial tannin in 4 oz. of water, and then 
precipitated by means of a solution of isinglass. Forty-six 
grains of the tannin were precipitated in combination with 
eighty-one grains of isinglass. Hence the precipitate is com- 
posed of about 

36 tannin 
64 isinglass 


100 


The solution containing the four grains not precipitated by 
the isinglass being evaporated to dryness, left a light brittle 
substance of a pale brown colour, smelling strongly of prepared 
oak bark, especially when dissolved in water. The solution 
tasted bitter, and from its properties approached nearer to the 
vegetable matter called extractive than tannin; a proof that 
even the artificial tannin prepared from charcoal is not quite 
free from foreign bodies. 

4. When sulphuric acid is added to a solution of artificial 


tannin, a copious brown precipitate falls, soluble in boiling 


water, and capable of throwing down gelatine. Muriatic acid 


produces precisely the same effect. Artificial tannin dissolves 


readily in nitric acid, but is not altered in its properties, 


though that acid be repeatedly distilled off it. In this respect 


it differs very materially from all the species of natural tannin 
hitherto examined, which were found by Mr. Hatchett to 
be entirely decomposed by nitric acid, though with different 


degrees of facility. 
5. Artificial tannin unites readily with the alkalies, both asuaties, 


fixed and volatile. When dissolved in ammonia, evaporated 


to dryness, and again dissolved in water, the new solution does 


not precipitate gelatine unless it be previously mixed with a 
small portion of muriatic acid. A proof that it still retains the 
ammonia in combination. When the fixed alkalies are added 
to a solution of artificial tannin, the colour is immediately 
deepened, and after some hours the solution becomes turbid. 


marked distinction between natural and artificial tannin. I tried the effect 
of alcchol of the specific gravity 0:800, the strongest I had in my posses- 
sion. It formed a pale yellow solution. 
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6. The alkaline earths unite with artificial tannin, and form 
compounds little soluble in water. Hence it forms a precipi- 
tate when mixed with nitrates of lime, barytes, &c. 

7. It precipitates likewise most of the metallic oxides from 
their solutions in acids. ‘The colour of the precipitate is usually 
brown, inclining to chocolate. 

8. When artificial tannin is thrown upon a hot iron, it 
emits an odour similar to that of burning feathers. When 
exposed to a graduated heat in a retort there passes over, in 
the first place, a portion of water; and this is succeeded by a 
little nitric acid, from which it is difficult to free it completely. 
A little yellow liquor next makes its appearance; and upon 
raising the fire, ammoniacal gas is disengaged with great ra- 
pidity. This is followed by the evolution of carbonic acid gas, 
together with a small portion of gas, which seems to possess 
the properties of azote. A bulky coal remains in the retort, 
amounting in weight to 0°425 of the original tannin. This 
coal being burned, “left some brown ashes, ee chiefly of 
lime. 

From this decomposition by the action of fire, it is obvious, 
that artificial tannin is composed of oxygen, azote, hydrogen, 
and carbon. The last ingredient obviously predominates; 
though the proportions have not hitherto been ascertained. 

Such are the properties of the artificial tannin from char- 
coal, as far as they have been hitherto ascertained by Mr. 
Hatchett, to whom we are indebted for all the facts above 
detailed.* From the experiments of this indefatigable chemist, 
we learn that every kind of charcoal yields it equally, from 
whatever substance it has been formed, whether vegetable, 
animal, or mineral, provided it be in the state of charcoal. 
But the action of nitric acid on charcoal, though the readiest 
and easiest process, and that which yields the greatest quan- 
tity, is not the only one by means of which artificial tannin may 
be formed. Mr. Hatchett has pointed out two others, by 
means of which certain vegetable substances may be conv verted 
into tannin, 

9. The first of these consists in digesting nitric acid with 
certain substances that appear to contain an uncommon por- 

* From the.subsequent experiments of Chevreul, it seems to follow that 


this artificial tannin is a compound of nitric acid and charcual. See Ann. 
de Chim, Ixxiii. 36, 
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tion of carbon in their composition; indigo, for instance, and 
many of the bodies called resins. Indigo dissolves readily in 
diluted nitric acid, and the solution, when gently evaporated 
to dryness, leaves an orange-coloured mass of an intensely bit- 
ter taste, soluble in water, and possessing the property of form- 
ing an insoluble precipitate with gelatine. Hence it resembles 
tannin; but it acts more feebly on the metallic salts than tan- 
nin from charcoal. A similar substance was procured from 
common resin by digesting it for a long time in diluted nitric 
acid. Most of the resins and gum resins gave a similar pro- 
duct; but no tannin could be procured from the gums. 

10. The other process for procuring artificial tannin con- 
sists in dissolving resins and camphor in sulphuric acid, digest- 
ing the solution till it becomes black, and then precipitating 
by throwing it into cold water. A black powder falls. If this 
powder be digested in alcohol, a brown substance is taken up, 
which is soluble both in water and alcohol, forms an insoluble 
precipitate with gelatine, but acts only feebly on persulphate 
of iron. Camphor by this process yields nearly half its weight 
of a brown resinous-like matter, which possesses the property 
of forming an insoluble precipitate with gelatine; and when 
digested with a little nitric acid, becomes precisely similar to 
tannin from charcoal. 

Thus there are three species of artificial] tannin. 1. Tan- 
nin procured by the action of nitric acid on charcoal. 2. Tan- 
nin, by digesting nitric acid on indigo and resins. 3, Tannin, 
by dissolving resins or camphor in sulphuric acid.* 


SECT. XXVIII. 


OF ELLAGIC ACID. 


By this very absurd name (the French word gaile reversed) 
M. Braconnot has thought proper to distinguish a substance 
possessing imperfect acid properties, which he extracted from 
nutgalls at the same time with gallic acid, It would appear 
from a note of Chevreul that it had been already detected by 
him and several of its properties described in the article tan- 


nin, published in the chemical part of the Encyclopeedie Me- 


* See Mr. Hatchett’s papers, Phil. Trans. 1805 and 1806. From whic: 
all the facts respecting artificial tannin have been taken. 
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thodique, in 1815. But he had not given it a name, and does 
not seem to have been aware of its acid properties.* 

Ellagic acid was obtained by Braconnot by filtering the so-: 
lution of gallic acid obtained from the crystals which had 
formed spontaneously in the infusion of nutgalls. A powder 
yemained upon the filter, which was ellagic acid mixed with a 
certain quantity of gallate of lime. ‘To free it from this salt 
it was treated with a dilute solution of potash which dissolved 
the acid with the evolution of a considerable quantity of heat. 
The solution had an intense yellow colour, and gradually let 
fall a pretty considerable quantity of pearl-coloured powder, 
which was separated by the filter and decomposed by dilute 
muriatic acid. mrt ¢ 

The ellagic acid thus obtained is a white powder with a 
slight shade of buff. It is tasteless, and is not sensibly soluble 
even in boiling water. It does not decompose the alkaline 
carbonates even when assisted by heat. But it unites with 
caustic soda and potash and destroys their alkaline characters. 
These salts are insoluble in water. But they become soluble 
if a little potash or soda be previously dissolved in that liquid. 
The solution has a very deep buff colour. The ellagate of 
ammonia is likewise insoluble, and does not become soluble 
even when an excess of ammonia is added. When this acid 
is agitated in lime water it separates the lime from the liquid. 
Nitric acid does not seem to act upon it at first, but if we 
continue the digestion it gradually assumes a blood-red co~ 
lour. 

Ellagic acid does not combine with iodine. When heated 
it does not melt, but burns away with a sort of scintillation, 
without emitting flame. When distilled it leaves charcoal and 
produces a yellow vapour, which condenses into transparent 
crystals of a fine greenish yellow colour. This sublimate is 
tasteless and insoluble in water, alcohol, and ether; but it 
dissolves readily in a solution of potash, and communicates a 
yellow colour. So that these crystals possess the same charac- 
ters as the acid powder itself.+ 


* Ann. de Chim. et de Phys. ix. 329. 
+ Ibid. p. 187. 
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In this chapter I have given an account of all the ACIdS Subaivis. 1. 
containing no other simple supportér than oxygen at present CP: UT 


known. They amount to no fewer than 50. The acids con- 
taining a single combustible basis are 22, while the combusti-~ 
ble acids amount to 28. 

Though considerable progress has been made within these 
few years in the analyses of the combustible acids, the subject 
is of so difficult a nature that many experiments must still be 
made before their constitution can be considered as completely 
developed. From the sagacity and precision of Berzelius, 
who is engaged in the investigation, we have every reason to 
expect every thing that can be accomplished in the present state 
of thescience. The following table exhibits a synoptical view of 
the constitution of those acids which have been analysed, ar-~ 
ranged according to the simplicity of their constitution - 


Atoms of Weight of an ine 
_ Acids. cf PSS — tegrant particle 
Hydrogen. Carbon. Oxygen. Azote. of acid, 
Meeanc .... 0 2229" Cs NE cs Ed Ri RE, as 
Merintc.... 1 pire. NE Bn Soe, siereie nn 40025 
Mrellitic ... 1 ¢?.?;, eA. Sete tae ee mis Bee Coke e 
BGCHNC Hes Dg owes Bes tsehina ¢ Dh ghia’ tise OLE 
eee cre ie wis 5 Breve lerur es vrs Be baie, do: as soi wOrSing 
EE ee ae Biwrcrge be. gx oper 5. 783 85 
RAPLATIC 5 3) va. vn Me ee Disniwrantan ie bh 82375 
a a ae By rere: itty S 4aesdits..¢ ath disen: TIBKS 
Memon... 3... .., Oe grannae Ce aptd eOIOae 
PYPOMUCIC Bie. ssi D ceieee 6 5 eh sidity JL Sel 25 
Bera .. By stein 5 OCpiiie an aS sabledn MieGehOlges 
Sn LO! werorica < D tonnes ax te eel S 
mrIG®. ... Peseth tor: 6 <hante donc nenslan? adh s , 14025 
Meee. oe, EE es tr 


Oxalic acid and formic acid differ from each other merely by 
the latter containing an atom of hydrogen which is wanting in 
the former. 

Succinic and acetic acids likewise differ from each other 
merely in the proportion of hydrogen which they contain; 
acetic acid having an additional atom of hydrogen, but in 

BOL. 11. Q 
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other respects being the same in its composition as succinic 
acid. 

Acetic, citric, and tartaric acids differ from each other, 
merely in the proportion of oxygen which they contain. If 
there existed a base composed of 3 atoms hydrogen + 4 atoms 
carbon, these three acids would all belong to that base, and 
consist of 3, 4, and 5 atoms of oxygen united respectively to it. 

From these two examples it seems to follow that, when in 
combustible acids the hydrogen is increased, (the other con- 
stituents remaining the same) the solubility of the acid in 
water increases; but when the oxygen is increased the solubi- 
lity of the acid diminishes. 

The acids being so very numerous, some general remarks on 
the mode of distinguishing them from each other will be of 
considerable utility. | 

Suppose we possess an acid, and that we wish to determine 
its name. 

1. Saturate a little of it with ammonia, and form a neutral 
solution. Let a drop or two of this solution fall into nitrate 
of lead. If no precipitate fall, the acid under examination 
must be one or other of the following: 


1. Nitric. 4. Acetic. 
2. Nitrous. 5. Formic. 
3. Hypophosphorous. 6. Lactic. 


g. Evaporate a little of the solution of the ammoniacal salt, 
formed with the acid under examination to dryness, and put a 
little of it into a few drops of sulphuric acid placed on a slip 
of glass. If it be nitric, nitrous, acetic, or formic, it will emit 
a smell, and by the odour you can easily determine which of 
these acids is present. 

3. If it emit no smell, take a little of the salt and expose it 
to the heat of a candle upon a slip of platinum. If it take 
fire and give out the smell of phosphorus, it is hypophospho- 
rous:acid. If it blackens, and swells, and leaves oxide of lead, 
the acid is lactic. 

4. If the compound of the acid and ammonia occasions a 
precipitate in nitrate of lead, examine the appearance of this 
precipitate. 

5. If the precipitate be red, the acid is the chromic. 

6. If it effervesces when thrown into nitric acid and emits a 
gas destitute of smell, the acid is the carbonic. 
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7. If it fuses readily before the blowpipe and crystallizes on Svbarts.§. 


cooling into dodecahedrons, the acid is the phosphoric. 

8. If it flies off in a white smoke before the blowpipe, having 
the smell of garlic, the acid is the arsenic or arsenious. 

9. If the precipitate formed in nitrate of lead be soluble on 
adding a considerable quantity of water and agitating, the acid 
is the Lenxoic. 

10. If the acid under examination be a dry powder insoluble 
in water, it is one or other of the following: 


Antimonic. Molybdous. 
Antimonious. Tungstic. 
Molybdic. Columbic. 


11. If it evaporates in a white smoke before the blow-pipe, 
It is antimonic or antimonious. Which of the two is easily de- 
termined by the colour. 

12. If the precipitate in nitrate of lead be yellow, and if the 
powder when dissolved in an acid and a rod of tin is put into 
the solution become blue, the acid is molybdic. 

13. If the acid be a yellow powder and if when melted be- 
fore the blowpipe with borax it forms a Jlue glass, but with 
phosphate of soda gives a green glass, it is the tungstic. 

14. If it be in scales, little soluble in water, and when heated 
to redness fusing into a colourless glass, it is boracic. 

15. Sulphuric acid is easily distinguished by the property 
which it has of forming with muriate or nitrate of barytes a 
white precipitate insoluble in nitric acid. 

16. Sulphurous acid is easily distinguished by its smell. 

17. Succinic, moroxylic, boletic, suberic, and pyrotartaric acids 
may be volatilized without decomposition; and they may be 
easily distinguished from each other by the characters assigned 
to each in the preceding sections. 

18. Oxalic acid is well characterized by its crystalline form. 
When saturated with ammonia it throws down lime immedi- 
ately from neutral nitrate or muriate of lime, which neither 
tartrate nor citrate of ammonia is capable of doing. 

19. Tartaric acid is easily recognised by the property which 
it has of occasioning a precipitate of cream of tartar, when 
dropped into sulphate or nitrate of potash. 

20. Gallic acid and tannin throw down sulphate of iron of 
a very dark blue or black colour. With the other salts of iron 
they strike a purple. 
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21. Malic acid forms asoluble salt with lime which is thrown 
down from water by alcohol. 

22. Citric acid crystallizes. It does not throw down mer- 
cury, lead, or silver from nitric acid. a te 

23. Saclactic acid is almost insoluble in water. It forms an 
insoluble salt with lime. 

24. Uric acid when dissolved in nitric acid and evaporated 
to dryness leaves a pink sediment. 

25. For the characters of the newly discovered acids, I re- 
fer to the sections in which they are described. 


SUBDIVISION II. 


OF COMPOUNDS OF CHLORINE WITH SUPPORTERS AND 
COMBUSTIBLES. 


Tuis subdivision may hereafter extend ‘as far as the pre- 
ceding. But as only a few years have elapsed since chlorine 
began to be viewed as a supporter of combustion, our know- 
ledge of the compounds which it forms is still very imperfect. 
It will be sufficient, therefore, at present, if we divide this part 
of our subject into three chapters. In the first chapter I shalt 
treat of the compounds which chlorine forms with oxygen, in 
the second of the chlorides, and in the third of the acids formed 
by the union of chlorine with the simple combustibles. 


CHAP. I. 


OF THE COMPOUNDS OF CHLORINE AND OXYGEN. © 


WE have seen in a former part of this work that chlorine 
combines with no fewer than four proportions of oxygen, form- 
ing two oxides and two acids.* The description which we 
then gave of the oxides contains all the facts concerning them 
with which we are at present acquainted. But it would have 
been improper to have entered into the requisite details re- 
specting the acids of chlorine in that early part of the work, 
because we were then unacquainted with the different bases 


* See vol. 1. p. 193. 
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with which these acids unite. In this chapter, then, we have Subaivet. 
to give an account of the acids formed by the union of chlo- <°".* 
rine and oxygen. 


SECT. I. 
OF CHLORIC ACID. 


BertHou.et was the first person who suspected the exist- Discovery. 
ence of this acid. He obtained chlorate of potash by passing 
a current of chlorine through a solution of carbonate of potash 
in water; and, from the properties of this salt, he concluded 
that it contained an acid different from chlorine. Mr. Che- 
nevix, in his paper on the hyperoxymuriates, published in the 
Philosophical Transactions for 1802, demonstrated the accu- 
racy of Berthollet’s opinion. But he was unable to obtain the 
chloric acid in a separate state. Gay-Lussac procured it in 
1814, and determined its properties.* The salts which it 
forms with the different bases were afterwards examined by 
Vauquelin.+ 

The process for procuring this acid in a separate state is as Prepara- 
follows: He prepared a quantity of chlorate of barytes, dis-"™ 
solved it in water, and added diluted sulphuric acid cautiously 
to the solution till the whole of the barytes was exactly preci- 
pitated. The sulphate of barytes being separated by the fil- 
tre, the liquid consisted of water holding pure chloric acid in 
solution. 

Chloric acid, thus obtained, is a colourless liquid, destitute Properties, 
of smell (except when very much concentrated), having a very 
_ acid taste, and capable of reddening vegetable blues without 
destroying them immediately; but after acting on them for 
_ some days they disappear entirely.t It is not decomposed by 
exposure to the light. By a gentle heat it may be concentrated, 
| and then it acquires an oily consistency. When heated strongly 
it is partly decomposed into oxygen and chlorine, and partly 
distilled over without alteration. Muriatic acid, sulphurous 
| acid, and sulphuretted hydrogen, when mixed with it, decom- 
| pose it. But nitric acid occasions no alteration in it. 

It does not precipitate any of the metals from their solutions 
in acids. It rapidly dissolves zinc, disengaging oxygen gas. 


* Ann. de Chim. 1xi. 108. t Ibid. Ixv. 91, 113. 
¢ Vauquelin, Ann. de Chim. Ixv. 94. 
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But it acts slowly upon mercury. According to the experi- 
ments of Gay-Lussac it is a compound of 1 atom chlorine + 
5 atoms oxygen, or by weight of 


Chlorine @eoe0oe 6 4°5 @eoe0ee8ee 100 
OOSNPCR ono setae 0 se sene Aah ae 


{ shall now describe the different salts which it forms with 

the different bases, as far as they have hitherto been examined. 
These salts were formerly distinguished by the name of hype- 
roxymuriates ; but Gay-Lussac has given them the appellation 
of chlorates, a term which we shall adopt, because we consider 
it as far preferable to the old unwieldy name. The reader will 
observe that the weight of an atom of chloric acid is 9°5, and 
that the composition of all the chlorates may be determined by 
conceiving 9°5 of the acid to unite with the weights of the sa- 
lifiable bases given in the table which will be found in vol. 1. 
p. 542 of this work. 
1. Chlorate of ammonia. This salt was first formed and de- 
scribed by Mr. Chenevix.* It was afterwards more particu- 
larly investigated by Vauquelin.t It may be formed by dis- 
solying carbonate of ammonia in chloric acid, or by mixing a 
solution of carbonate of ammonia with a solution of an earthy 
chlorate. 

It crystallizes in fine needles. It is very soluble in water and 
alcohol. It is volatile. Its taste is exceedingly sharp. On a 
burning coal it fulminates with a red flame. When heated 
strongly it is decomposed; chlorine is evolved, mixed with 
azote and oxygen, and some sal ammoniac remains in the ves- 
sel. Though this salt has not been analysed there can be na 
doubt that it is a compound of 


Chlorine eoeo27e2@0%08% © @ @ @ 9°5 
AMMONIA isn 6 So alae wee 


2. Chlorate of potash. This salt was discovered by Berthollet,t 
and has been very much investigated by chemists in general. 
It is prepared by dissolving one part of carbonate of potash 


* On Hyperoxygenized Muriatic Acid. Phil. Trans. 1802. 

+ Ann. de Chim. Ixv. 97. 

+ It was, in fact, first discovered by Dr. Higgins, who mentions it in 
1786; but appears to have mistaken it for nitre. See Higgins on Acetous 
Acid, &c. p. 180. 
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in six parts of water, putting the mixture into a Woulfe’s bot- Subdlv. Th 
tle, and saturating the potash with chlorine gas.* When the agin 
saturation is nearly completed, the chlorate falls down in crys- 

tals. It may be purified by solution in boiling water. As the 

water cools, the pure chlorate crystallizes. The crystals are to 

be dried between folds of blotting-paper. 

According to Hauy, the primitive form of the crystals of Properties. 
chlorate of potash is an obtuse rhomboidal prism; but it is 
usually obtained in small thin plates of a silvery whiteness. It 
is only by allowing an unsaturated solution of it in boiling 
water to cool slowly, or by exposing a solution in cold water 
to spontaneous evaporation, that it is obtained in large regular 
rhomboidal crystals. 

Its taste is cooling, austere, and disagreeable, somewhat ana- 
logous to that of nitre. Its specific gravity is 1:989.¢ When 
rubbed smartly, it phosphoresces, or rather emits a number of 
sparks of fire.t It is soluble in about 16 parts of water at the 
temperature of 60°, and in 21 parts of boiling water.§ It is 
not sensibly altered by exposure to the air. If the heat be 
raised to redness, it rapidly gives out more than the third of 
its weight of oxygen gas. It is from this salt that oxygen gas 
can be obtained in the state of the greatest purity. After the 
effervescence is over, there remains common chloride of po- 
tassium. 

The most astonishing of its properties are those which it ex- 
hibits when mixed with combustibles. All combustible sub- 
stances whatever are capable of decomposing it, and in general 
the decomposition is attended with violent detonations. 

When three parts of this salt and one part of sulphur are petonatea 
triturated in a mortar, the mixture detonates violently: the aad 
same effect is produced when the mixture is placed upon an | 
anvil, and struck smartly with ahammer. Nay, it even some- 
times detonates spontaneously without any perceptible friction, 
and ought not, therefore, to be kept ready mixed. Charcoal 
produces the same effects, though not so violent. This pro- 
perty induced Berthollet to propose it as a substitute for nitre 
in the preparation of gunpowder. The attempt was made at 
Essone in 1788; but no sooner had the workmen begun to 


* The bottle containing the alkali must be covered up from the light, 


otherwise no crystals of chlorate can be obtained, as I have more than once 
experienced. 


+ Hassenfratz, Ann. de Chim. xxviii. 12. 
§ Hoyle, Nicholson’s Jour. ii, 292. 


- 


+ Fourcroy, iii. 221. 
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triturate the mixture of charcoal, sulphur, and chlorate, than 
it exploded with violence, and proved fatal to Mr. Letors and 
Mademoiselle Chevraud. ‘The force of this gunpowder, when 
it is prepared, is greater than that of the common sort of pow- 
der; but the danger of preparing it, and even of using it after 
it is prepared, is so great, that it can hardly ever be substituted 
with advantage for common gunpowder. 

Phosphorus also detonates with this salt either by trituration 
or percussion. ‘The quantities of each used ought not to ex- 
ceed half a grain, or at most a grain, otherwise the experi- 
ment may be attended with some danger. It detonates also 
when treated in the same way with almost all the metals, and 
likewise with cinnabar, pyrites, sugar, gums, oils, alcohol, &c. 
When thrown upon platinum heated to whiteness, it does not 
detonate, but sublimes. The surface of the platinum, however, 
is oxidized ; for acetic acid dissolves a part of it; and when 
prussiate of lime is poured into the solution, the liquid becomes 
of a greenish-white colour.* When this salt is triturated in 
a mortar with a little cotton cloth, small repeated explosions 
are heard, similar to the crack of a whip, and if the cotton be 
dry and warm it sometimes takes fire. It always does so when, 
after the trituration has been continued for some time, sulphuric 
acid is poured upon the cotton. When nitric acid is poured 
upon a mixture of chlorate of potash and phosphorus, flakes 
of fire are emitted at intervals for a considerable time.t 

The theory of these explosions was first pointed out by Ber- 
thollet. The oxygen of the acid combines with the combus- 
tible, and at the same time lets go a quantity of caloric; and 
trituration or percussion acts merely by bringing the particles 
which combine within the sphere of each other’s attraction. 

The composition of chloric acid has been inferred from the 
analysis of this salt. As chlorate of potash may be formed 
directly by dissolving carbonate of potash in chloric acid, there 
seems no reason for concluding that it consists of any thing 
else than chloric acid and potash united together. According 
to the experiments of Berzelius,{ 100 parts of chlorate of pot- 
ash, when heated to redness, yield 38°69 parts of oxygen, and 
leave a residuum of 60°94 parts of chloride of patassium. This 
chloride is composed of 


* Morveau, Ann. de Chim. xxv. 18. 
+ Collier, Manchester Mem. v. 229. 
} Ann. de Chim, Ixxx, 27. 
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Potassium, 28 Fae... va 3207 Sub. 1 
Chicring, 4.0008 28... 28ST ap. I. 


60°94 


The potassium existing in the salt in the state of potash must 
have been combined with 1th of its weight of oxygen, or 6°41 
parts. If we subtract this from the 38°69 parts of oxygen 
emitted by the salt, there will remain 32°28 for the quantity of 
oxygen in the chloric acid; therefore, chloric acid must be 
composed of 

Chlovitie .. fice or. ces. BD 
Oxygen ....... 32°88, . das 5°03 


Or of 1 atom chlorine + 5 atoms oxygen. And chlorate 
of potash must be a compound of 


Chioric acid’; #25908GRs es... 100 
Potash <2... <-ssghe GOR Se. 63°157 


3. Chlorate of soda. Mr. Chenevix must be considered as Chiorate of 
the first chemist who published a description of this salt; for Dll 
‘the short notice of Dolfuz and Gadolin* scarcely conveys any 
precise information. It may be prepared by the same process 
as chlorate of potash; but it is difficult to obtain it pure, as it 
is nearly as soluble in water as muriate of soda. Mr. Chene- 
vix procured a little of it pure by dissolving the mixtures of 
muriate and chlorate of soda in alcohol, and crystallizing re- 
peatedly. But the easiest mode of preparing it is to dissolve 
carbonate of soda in chloric acid. It-does not crystallize till 
it be reduced almost to a syrupy consistence. Its crystals are 
square plates, similar to those of chlorate of potash. Its taste 
is very sharp and cooling. On burning coals it melts into glo- 
bules, and produces a yellow light. According to Vauquelin, 
500 parts of dry carbonate of soda produce 1100 parts of 
crystallized chlorate of soda. 

When distilled it gives out oxygen gas mixed with some 
chlorine, and the salt which it leaves behind has alkaline pro- 
perties. It is composed of 


ONG ae Ot aay OO 
ote as a, |, Ae is ba CAE 


Numbers which do not differ much from the determination composi- 
of Chenevix, according to whom it is composed of ali 


* Ann. de Chim. i. 227. 
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66°2 acid 
29°6 soda 
4°2 water 


100°0* 

4. Chlorate of lime, This salt may be procured and purified 
in the same way as the succeeding species. It is very deliques- 
cent, and undergoes the watery fusion when slightly heated. 
Alcohol dissolves it copiously. Its taste is sharp and bitter ; 
and when it dissolves in the mouth, it produces a strong sen- 
sation of cold. Its constituents are 


Chloric acid .. 9°5 ats «DLO 
Lime @oeoesbeeve?¢s 3°625 ee e@ 8 @ @ 38°16 


According to the analysis of Chenevix, its constituents are 


55°2 acid 
28°3 lime 
16°5 water 


100°0¢ 

5. Chlorate of barytes. It is much more difficult to procure 
the earthy chlorates than the alkaline; the affinity between 
their constituents seems to be much weaker. The best me- 
thod of obtaining the chlorate of barytes is to pour warm 
water on a quantity of the earth procured by Vauquelin’s me- 
thod, and to pass a current of gas through this mixture kept 
warm. By this method the usual mixture of muriate and 
chlorate is obtained. Now these two salts, when barytes is their 
base, possess the same degree of solubility, and resemble each 
other in the form of their crystals, so that they cannot be ob- 
tained separate by repeated crystallizations. Mr. Chenevix 
succeeded by the following ingenious method: Phosphate of 
silver, when boiled in solutions of the earthy muriates, has the 
property of decomposing them; the phosphoric acid combines 
with the earth, and the muriatic acid with the oxide of silver. 
But this salt produces no such change on the earthy chlorates. 
Now both the phosphate of barytes and the muriate of silver 
are insoluble in water. Of course, when phosphate of silver 
is boiled in a solution of muriate and chlorate of barytes, the 
whole muriate is decomposed into muriate of silver and phos- 


* Chenevix on Hyperoxygenized Muriatic Acid. Phil. Trans, 1802, 
+ Chenevix,i, Ibid. 
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phate of barytes, which are insoluble, and the only substance supa. 11. 

which remains in solution is chlorate of barytes. i 
It crystallizes in square prisms terminated by an oblique face. 

Its taste is sharp and austere. It dissolves in about four times 

its weight of cold water. The solution is neither precipitated 

by nitrate of silver nor muriatic acid. This salt is insoluble in 

alcoliol. When heated, it loses $9 per cent. of weight, owing 

to the escape of oxygen gas. ‘The residue possesses alkaline 

properties.* It is composed of 


Chloric acid .... 9°5 «....- 100 
Barytes ...2ee++ 975.2006 10263 


According to the analysis of Mr. Chenevix, its constituents 
are 

47°0 acid 

42°2 barytes 

10°8 water 


100°0+ | 
6. Chlorate of strontian. This salt was prepared and puri- Chlorate of 

fied by Mr. Chenevix by the same processes as the last spe- ene 
cies, with which indeed it agrees in most of its properties. It 
js deliquescent, and more soluble in alcohol than muriate of 
strentian. It crystallizes in needles, which melt in the mouth, 
and produce the sensation of cold. On burning coals it fuses 
rapidly, producing a beautiful purple flame. Its constituents 
are 

Chloric acid: «2256 9S ..«. 100 

Strontian ..,,e08+ 6°5 .o.- 68°42 


According to the analysis of Mr. Chenevix, its constituents 


Composi- 
are tion. 
46 acid 
26 strontian 
28 water 
100fT 


7. Chlorate of magnesia. ‘This salt may be prepared in the chiorate of 
same way as chlorate of lime, which it resembles in most —_—e 
its properties. Its constituents are 


* Vauquelin, Ann. de Chim. lxv. 100. 


+ Chenevix on Hyperoxygenized Muriatic Acid. Phil. Trans, 1802. 
}¢ Ibid. 
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Chlori¢ acids vuln 9°5 «01h sev 100 
Magnesia ....6. 295 wee. 26°31 


According to the analysis of Mr. Chenevix, its constituents 
are 
60°0 acid 
25°7 magnesia 
14°3 water 


100°0* 


8. Chlorate of iron. As far as we know at present this salt 
does not exist. Chloric acid dissolves iron with great rapidity 
without the evolution of any gas. The iron very speedily 
passes to the red oxide at the expense of the chloric acid which 
it decomposes. When a current of chlorine gas is passed 
through water, having the red oxide of iron diffused through 
it, the oxide is dissolved; but the compound formed appears 
to be merely a compound of chlorine and red oxide of iron, or 
a chloride of the red oxide.+ 

9. Chlorate of xinc. This salt may be obtained by dissolv- 
ing carbonate of zinc in chloric acid. The carbonic acid is 
disengaged ; but it is difficult to saturate the chloric acid with 
oxide of zinc. This salt has a very astringent taste: when 
evaporated to the consistence of a syrup it crystallizes in low 
octahedrons. Its solution in water does not precipitate nitrate 
of silver. On burning coals it fuses and produces a yellow 
light, but does not detonate. When mixed with sulphuric 
acid it assumes an orange red colour, and produces a slight 
effervescence; but the chloric acid is not decomposed. For 
when the mixture is diluted with water, it does not precipitate 
sulphate of silver. 

Chloric acid dissolves zinc without effervescence. It would 
appear from the experiments of Vauquelin that the solution is 
a mixture of chlorate of zinc and chloride of zinc. When 
a current of chlorine gas is made to pass through water, hav- 
ing carbonate of zinc diffused through it, the same two com- 
pounds appear to be formed.§ 

10. Chlorate of lead. This salt may be formed by dissolving 
litharge in fine powder in chloric acid. ‘The solution has a very 
sweet and astringent taste. When left to spontaneous evapora- 


* Chenevix on Hyperoxygenized Muriatic Acid. Phil. Trans. 1802. 
+ Vauquelin; Ann, de Chim. xcv. 121. t Ibid. 116. 
§ Lbid. 
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tion it deposites brilliant crystalline plates, On burning coals it Sauna 
fuses and gives out a white smoke, leaving some globules of me- Rees 
talliclead. When distilled it yields oxygen gas mixed with a 
little chlorine. The quantity of oxygen amounts to about one- 
fifth of the weight of the salt. Sulphuric acid and the alkalies 
throw down a white precipitate from the solution of this salt.* 

When chlorine is passed through water, having litharge 
diffused through it, a portion of the oxide is converted into 
peroxide of lead, and another portion into chloride of lead. 

No chlorate whatever is formed. 

11. Chlorate of copper. Peroxide of copper dissolves rea- of copper. 
dily in chloric acid. It is not possible to neutralize the acid 
by this oxide. The salt does not crystallize readily. Its 
colour is green. On burning coals it fuses slightly, and gives 
out a green light. Paper dipped into the solution of this salt 
burns with a fine green flame, at a temperature inferior to 
what would be requisite to set fire to the paper itself.+ 

12. Protochlorate of mercury. Chloric acid readily dissolves Protochio- 
protoxide of mercury. As the saturation goes on, the proto- tat al 
chlorate precipitates in the state of yellowish grains. ‘This pro- 
tochlorate has very much the appearance of phosphate of sil- 
ver. It has a mercurial taste, and dissolves very sparingly in 
boiling water. When heated it detonates, oxygen gas is given 
out, and corrosive sublimate formed. 

13. Perchlorate of mercury. This salt was first obtained by perchtorats 
Mr. Chenevix. It may be formed readily by dissolving per- *™*""* 
oxide of mercury in chloric acid. It crystallizes in needles, is 
pretty soluble in water, and has a strong taste like that of 
corrosive sublimate. It always contains an excess of acid. 

When heated in a glass tube it gives out a great deal of oxy- 
gen; a yellow matter remains which appears a mixture of 
red oxide of mercury, corrosive sublimate, and calomel. 
The first portion of oxygen is disengaged with rapidity; 
but the last portion not till the heat is considerably elevated.§ 

14. Chlorate of silver. This salt was discovered by Mr. eptorate of 
Chenevix. It may be formed by boiling phosphate of silver *v~ 
in chlorate of alumina, or by dissolving oxide of silver in 
chloric acid. It is soluble in about two parts of warm water ; 
but as the sclution cools, it crystallizes in small rhomboids, 
opaque and dull, like nitrate of lead or barytes. It is soluble 


* Vauquelin; Ann, de Chim. xcv, 127. 4 Ibid: p. 438: 
t Ibid. p. 103, § Ibid. p. 107. 
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seine in alcohol. Muriatic acid decomposes it, as does nitric, and 
Nemo’ OVER acetic acid. The silver is thrown down from its solution 
by the addition of chlorine. 
When this salt is exposed to a moderate heat, it melts, 
oxygen is given out, and chloride of silver remains behind. 
When mixed with half its weight of sulphur, and struck 
slightly, it detonates with prodigious violence. The flash is 
white and vivid, and accompanied by a sharp and quick noise, 
and the silver is reduced and volatilized.* 


The remaining chlorates are still unknown. 


SECT. IL. 


OF PERGHLORIC ACID. 


Ts acid has been hitherto examined by Count Von Sta- 
dion only. All the facts respecting it with which I am ac- 
quainted have been given in a former part of this work.t As 
I feel some doubts respecting the accuracy of the Count's de- 
scription of the perchlorate of potash, and of course respect- 
ing the composition of this peculiar acid, it is very much to 
be wished that his experiments were verified by repetition. 


CHAP. II. 
OF CHLORIDES. 


CuioRine appears capable of combining with all the sim- 
ple combustibles, except carbon. These compounds (unless 
when they possess acid properties) are called chlorides. They 
are analogous to the oxides, and are probably as numerous as 
these bodies. But it is only a few years since they became 
known to chemists as a distinct class of bodies. On that ac- 
count it is not surprising that they have not yet been all exa- 

‘mined. I thought it better in the present state of our know- 
ledge, to describe the different chlorides, while treating of 
their various bases. The reader therefore will find an account 
of them in the chapter which treats of simple combustibles. 

But chlorine has the property likewise of combining with 


* Chenevix on the Oxygenized and Hyperoxygenized Muriatic Acids, 
p. 39. 
+ See vol. 1. p. 187. 
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the alkaline earths, the alkalies, and probably likewise some Subaiv. tr. 
; . : ; i Chap. Ih. 
of the metallic oxides, and of forming a set of chlorides, some 
of which deserve particular attention on account of the useful 
purposes to which they have been applied. Of these by far 
the most important is the swblichloride of lime, commonly dis- 
tinguished by the name of orymuriate of lime or bleaching 
powder. 
This substance is usually sold in the state of a dry powdery sub-vichto- 
and is prepared by causing a current of chlorine gas to pass "°°" 
through slacked lime till the powder refuses to absorb any 
more of the gas. It is necessary to keep the lime cold during 
the process, which is done by surrounding the leaden vessels 
in which the powder is prepared with a current of cold water. 
If the heat is not thus withdrawn it gradually accumulates, 
and at a certain temperature the lime loses its oxygen, and is 
converted into calcium, so that instead of chloride of lime, we 
obtain chloride of calcium, which possesses no bleaching 
powers whatever. Unslacked lime may be employed instead 
of hydrate of lime; but in that case it is very difficult to pre- 
vent the heat from becoming high enough to decompose the 
lime. I have, however, succeeded in doing this upon a small 
scale. 
The preparation of chloride of lime in the solid state, was 
an idea which first struck Mr. Macintosh, of Glasgow, about 
the year 1798, and the idea was immediately verified by Mr. 
Tennant and himself. A patent was taken out and a manu- 
factory established, which was gradually brought to the state 
of perfection which it has now attained. 
This chloride when recently prepared is quite dry to the properties. 
feel. It is white, and has a-peculiar smell bearing some rela- 
tion to chlorine, but not nearly so offensive. Its taste is hot 
and alkaline, owing to the uncombined lime which the pow- 
der always contains. When dissolved in water the taste of the 
solution is astringent, and very analogous to that of chlorine 
itself. Water dissolves it only partially, leaving behind a 
quantity of lime which varies according to the care with which 
the chloride has been prepared. But is always considerable. 
This solution has the property of destroying vegetable colours, 
and its goodness is always determined by the bleachers by 
trying how much of the solution of indigo in sulphuric acid of 
a determinate strength can be deprived of its colour by the 
solution of a given weight of bleaching powder. It is this 
property which renders it useful in bleaching. We have only 
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Book Ht. to dissolve the powder in water, draw off the clear liquor, put 
Division I. the cloth to be bleached into it, and allow it to remain for 
some hours. By this simple process it is bleached. 

When chloride of lime is exposed to heat it gives out oxy- 
gen gas. This gas comes from the lime. For at a high tem- 
perature chlorine has a stronger affinity for calcium than oxy- 
gen has, and accordingly drives it off. ‘This decomposition 
takes place at a temperature which does not exceed 600°. By 
this treatment it is converted into a mixture of chloride of 
calcium and lime, the former of which becomes muriate of 
lime when the powder is mixed with water. When the chlo- 
ride of lime is dissolved in water, the very same change gradu- 
ally takes place, accompanied by the same evolution of oxy- 
gen gas. Hence when the liquid is left it speedily loses its 
bleaching powers. Even the dry chloride undergoes the same 
change, though more slowly. But I have frequently kept it 
till its bleaching powers were entirely destroyed. 

Composi- This chloride, when perfectly pure, and when the lime is 
= saturated with chlorine, is a compound of 2 atoms of hydra- 
ted lime and 1 atom of chlorine, or 


Hydrate of lime .... 67°86 
Chiorme (65.55% . oe eoa 
100°00 


But, though I have often analysed this chloride newly pre- 
pared by the best manufacturers, I have never found it quite 
free from a mixture of muriate of lime, and likewise uncom- 
bined lime. In some cases the proportion of water which the 
powder contains is very great, amounting nearly to one-third 
of the whole. The greatest proportion of lime which I have 
met with united with the chlorine was three-fourths of the 
whole, and the smallest one half. The muriate of lime pre- 
sent when the powder is fresh is always small, but it increases 
in proportion to the time that the chloride is kept. ‘The fol- 
lowing analysis, which is the latest that I have made, will give 
the reader some notion of the state in which this powder oc- 
curs in commerce. I found 100 grains of bleaching powder 
composed as follows : 


Subbichlorate of lime.... 36°52 
Muriate of lime ........ 18°50 
Uncombined lime ...... 28°05 
Wiaterieeiay. al viet TOS 

100°00 


CHLORIDES. 
When the powder is dissolved in water, one half of the lime 
separates from the chlorine, so that the solution contains a chlo- 
ride composed of one atom of chlorine and one atom of lime. 

The method of analysis, which I have found the most accu- 
rate, is the following. I expose a given weight of the powder 
(1000 grains for exenple) toa ey of about 600° in a retort, 
connected with a pneumatic trough, and receive the oxygen 

gas driven off in graduated jars. The loss of weight sustained 
by the powder, minus the weight of the oxygen gas driven off, 
gives the weight of the water eseined's in the powder. Now 
the oxygen given out enables us to determine very exactly 
the quantity “of chlorine contained in the powder. For the 
chlorine (supposing it in the state of gas) is just double the 
bulk of the oxygen gas evolved. If we have obtained 300 
cubic inches of oxygen gas, the chlorine in the powder will 
amount to 600 cubic inches. 

Upon the powder remaining in the retort a considerable 
quantity of water is poured and digested on it till all the muriate 
of lime is dissolved. ‘Through the solution a current of carbonic 
acid gas is to be passed to precipitate all the lime held in solu- 
tion. The carbonate of lime thus separated is dried and 
weighed. The aqueous solution of muriate of lime is now 
weighed, and 100 grains of it being evaporated to dryness, 
we deduce from the weight of saline residue the whole muri- 
ate of lime contaiued in the liquid. From this it is very easy 
to deduce the weight of muriatic acid and of lime contained 
in the salt. A comparison of the chlorine in the powder with 
the muriatic acid in the salt enables us to determine whether 
any part of the muriatic acid pre-existed in the powder before 
the application of heat and how much. | 

Finally, the portion of undissolved lime is weighed and 
_ analysed. 

From these data we deduce with accuracy the quantity of 
chlorine, of lime, of muriatic acid, and of water present in the 
powder. Hence we readily determine the composition. 

It was Mr. Dalton that first proved that in this powder the 
chlorine was always combined with two atoms of lime.* 

I have formed chlorides of barytes, strontian, magnesia, 
potash, and soda, by double decomposition from chloride of 
lime. They possess analogous properiies; but, as they have 


* Annals of Philosophy, i. 15. 
VOL. II. R 
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Book. not yet been applied to any useful purpose, it would scarcely 
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History. 


be proper to enter into particulars respecting their nature. 


CHAR. iff. 
OF ACIDS COMPOSED OF CHLORINE AND A COMBUSTIBLE. 


Av present we are acquainted with two acids only of this 
nature. The first is a compound of chlorine and hydrogen, 
which constitutes the well known acid called muriatic acid. 
The second is a compound of chlorine and carbonic oxide; so 
that it consists of two supporters, chlorine, and oxygen, united 
to the simple combustible, carbon. ‘This acid may be denomi- 
nated chlorocarbonic acid. I shall describe the properties of 
these two acids in the two following sections, 


SECT. ‘i 
OF MURIATIC ACID. 


Tus acid appears to have been known to the alchymists. I 
find it mentioned in the writings of Basil Valentine. But 
Glauber seems to have been the chemist who contrived the 
present mode of obtaining it, by distilling a mixture of sul- 
phuric acid and common salt. It was distinguished by the 
names of spirit of salt, marine acid, and muriatic* acid, doubt- 
less because it is obtained from common salt. Mr. Cavendish 
first obtained this acid in the gaseous state, and mentioned the 
circumstance in his paper on Factitious Airs, published in 
1776;+ but he does not seem to have been aware of the nature 
of the elastic fluid which he obtained. The subject was after- 
wards taken up by Dr. Priestley, who ascertained the nature 
and properties of muriatic acid gas, and must therefore be 
considered as the true discoverer of it.{ In 1774, Scheele 
discovered chlorine gas, and stated the composition of muri- 
atic acid to be chlorine united to phlogiston. By phlogiston 
he meant hydrogen. Therefore, according to the opinion of 
Scheele, muriatic acid is a compound of chlorine and hydro- 
gen. This opinion was neglected for many years; but was 
revived again in 1810 by Sir H. Davy, in consequence chiefly 
of the experiments of Gay-Lussac and Thenard. The nu- 


* Muria is used by Cicero for brine or salt water. 
+ Phil. Trans. vol. lvi. p. 157. + Priestley on Air, il. 276. 
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merous experiments of Davy, assisted by the subsequent dis- sebaiv. ur. 
covery of iodine, and its striking analogy to chlorine, seem (2? BE 
now to have established the theory of Davy. It is admitted 

as true by almost all the eminent chemists in EKurope.* 

Since the composition of muriatic acid has become known, 
Gay-Lussac has thought proper to give it the new name of | 
hydrochloric acid in order to point out its composition. But 
I do not think it right to follow his example. The term 
muriatic acid has been so long in common use, that the evils 
which would result from changing it, seem to more than coun- 
terbalance the slender advantages that would result from the 
use of a name pointing out its composition, Muriatic acid 
gas may be obtained in a state of purity by the following 
process, 

Let a small pneumatic trough be procured, hollowed out Prepars- 
of a single block of wood, about 14 inches long, 7 broad, and is 
6 deep. After it has been hollowed out to the depth of an inch, 
leave 3 inches by way of shelf on one side, and cut out the 
rest to the proper depth, giving the inside of the bottom a 
circular form. The figure represents a 
section of this trough. ‘Two inches from 
each end cut a slit in the shelf to the 
depth of an inch, and broad enough to ad- jj 
mit the end of small glass tubes, or the | 
points of small retorts. This trough is to | 
be filled with mercury to the height of 1 inch above the surface 
of the shelf. Small glass jars are to be procured of consider- 
able thickness and strength, and suitable to the size.of the 
trough. One of them being filled with mercury by plunging 
it into the trough, is to be placed on the shelf over one of the 
slits. It ought to be supported in its position; and the most 
convenient method of doing that is, to have a brass cylinder 

two inches high screwed into the edge of the trough just op- 
posite to the border of the shelf. On the top of it are fixed two 
flat pieces of brass terminating each in a semicircle, moveable 
freely upon the brass cylinder, and forming together a brass arm 
terminating in a circle, the centre of which is just above the 
middie of the slit in the shelf, when turned so as to be parallel 
to the edge of the shelf. This circle is made to embrace the jar ; 
being formed of two distinct pieces, its size may be increased or 


# Berzelius constitutes almost the only exception. That eminent chemist 
still adheres to the old doctrine that chlorine is a compound of muriatic acid 
and orygen, 
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diminished at pleasure, and by means of a brass slider it is 
made to catch the jar firmly. 

The apparatus being thus disposed, two or three ounces of 
common salt are to be put into a small retort, and an equat 
quantity of sulphuric acid added; the beak of the retort 
plunged below the surface of the mercury in the trough, and 
the heat of a lamp applied to the salt in its bottom. <A violent 
effervescence takes place; and air bubbles rush in great num- 
bers from its beak, and rise to the surface of the mercury in a 
visible white smoke, which has a peculiar cdour. After allow- 
ing a number of them to escape, till it is supposed that the 
common air which previously existed in the retort has been 
displaced, plunge its beak into the slit in the shelf, over which 
the glass jar has been placed. ‘The air bubbles soon displace 
the mercury and fill the jar. The gas thus obtained is called 
muriatic acid gas. It possesses the following properties. 

1. It is invisible like common air and capable like it of in- 
definite contraction and expansion. Its smell is peculiar, and 
when let into common air it becomes visible by forming a 
white smoke in consequence of the avidity with which it ab- 
sorbs moisture. It reddens vegetable blues and has a very 
sour taste. 

2. Its specific gravity is 1°2847, that of common air be- 
ing 1. Hence 100 cubic inches of it at the temperature of 60°, 
and when the barometer stands at 30 inches, weigh 39°162 
grains. 

3. Animals are incapable of breathing it; and when plung- 
ed into jars filled with it, they die instantaneously in convul- 
oe Neither will any combustible burn in it. It is re- 

markable, however, that it has a considerable effect upon the 
flame of combustible bodies; for if a burning taper be plunged 
into it, the flame, just before it goes out, may be observed to 
assume a green colour, and che same tinge appears the next 
ae the taper is lighted.* 

. If a little water be let up into a jar filled with this gas, 
rte witdle gas disappears in an instant, the mercury ascends, 
fills the jar, and pushes the water to the very top. The reason 
of this is, that there exists a strong affinity between muriatic 
acid gas and water: and whenever they come in contact, they 
combine and form a liquid; or, which is the same thing, the 
water absorbs the gas. Hence the necessity of making expe- 


* Priestley, ii. 293. 
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riments with this gas over mercury. In the water cistern not Sapir 
a particle of gas would be procured. Nay, the water of the pape 
trough would rush into the retort and fill it completely. It 

is this affinity between muriatic acid gas and water which oc- 
casions the white smoke that appears when the gas is mixed 

with common air. It absorbs the vapour of water which 
always exists in common air. The solution of muriatic acid 

gas in water is usually denominated simply muriatic acid by 
chemists. 

A cubic inch of water at the temperature of 60°, barometer Proportion. 
29°4°, absorbs 515 inches of muriatic acid gas, which is equi- 
valent to 308 grains nearly. Hence water thus impregnated 
contains 0°548, or more than half its weight of muriatic acid, 
in the same state of purity as when gaseous. I caused a cur- 
rent of gas to pass through water till it refused to absorb any 
more. ‘The specific gravity of the acid thus obtained was 
1-203. If we suppose that the water in this experiment ab- 
sorbed as much gas as in the last, it will follow from it, that 
6 parts of water, by being saturated with this gas, expanded 
so as to occupy very nearly the bulk of 11 parts; but in all 
my trials the expansion was only to 9 parts. This would in- 
dicate a specific gravity of 1°477; yet upon actually trying 
water thus saturated, its specific gravity was only 1-203. Is 
this difference owing to the gas that escapes during the taking 
of the specific gravity ? 

During the absorption of the gas, the water becomes hot. 
Ice also absorbs this gas, and is at the same time liquefied. 
The quantity of this gas absorbed by water diminishes as the 
heat of the water increases, and at a boiling heat water will 
not absorb any of it. When water impregnated with it is 
heated, the gas is again expelled unaltered. Hence muriatic 
acid gas may be procured by heating the common muriatic 
acid of commerce. It was by this process that Dr. Priestley 
first obtained it. 

The acid thus obtained is colourless: it has a strong pun- Properties 
gent smell similar to the gas, and when exposed to the air is 
constantly emitting visible white fumes. The muriatic acid of 
commerce is always of a pale yellow colour, owing to a small 
quantity of iron which it holds in solution. 

As muriatic acid can only be used conveniently when dis- 
solved in water, it is of much consequence to know how much 
pure acid is contained in a given quantity of liquid muriatic 
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acid of any particular density. Mr. Dalton drew up a table 
from his own experiments, which possessed considerable ac- 
curacy. But the following table of Dr. Ure being more com- 
plete, will be more convenient.* 


Table of the Quantity of dry Muriatic Acid corresponding to 
successive Specific Gravities of the liquid Acid. 


Specific 


* Annals of Philosophy, x. 371. 


Acid in || Specific | Acid in Specific | Acid in 
gravity. 100 gravity. 100. gravity. 100. 
11920 | 28°30 || 1°1272 | 18°68 1:0610 9°05 
1°1900 | 28°02 1°1253 | 18°39 1:0590 8°77 
T8831 27°75 1°1233 | 18°11 1:0571 8°49 
1°1863 | 27°45 1°:1214 | 17°83 1°0552 8°21 
1°1845 | 27°17 1°1194 | 17°55 1°0533 7°92 
1:1827 | 26°88 TES ke ZO 1°0514 7°64 
1°1808 | 26°60 1°1155 | 16°98 | 1°0495 7°36 
1:1790 | 26°32 || 1°1134 | 16°70 | 10477 | 7:07 
11772 | 26°04 171115 | 16°41 1°0457 6°79 
1:1753 | 25°76 || 11097 | 16°13 10498 | 6°51 
1°1735 | 25°47 LlO7 (iat oe 10418 6°23 
f246(45.| Zo°19 1°1058 | 15°56 1°0399 594 
1°1698 | 24°90 1°1037 | 15°28 | 1°0380 5°66 
1°1679 | 24°62 1°1018 | 15°00 | 1°0361 5°38 
1°1661 | 24°34 1°0999 | 14°72 | 10342 5°09 
1°1642 | 24°05 1°0980 | 14°43 10394 4°81 
1°4624 | 23°77 1:0960 | 14°15 1°0304 4°53 
1°1605 | 23°49 1:0941 | 13°87 1°0285 424s 
1°1587 | 23°20 1°0922 =| 13°58 1°0266 3°96 
1°1568 | 22°92 1°0902 | 13°3 1°0247 3°68 
191550 | 22°64 | 1°0883 | 13°02 1°0228 3°39 
TiS). \ 22°30 1°08638 | 12°73 1°0209 3°11 
1°1510 | 22°07 || 1°0844 | 12°45 1:0190 2°83 
1°1491 | 21°79 || 1°0823 | 12°17 1:0171 2°55 
1°1471 | 21°51 1°0805 | 11°88 1°0152 2°26 
11452 | 21-22 10785 | 11°60 1°0133 1:98 
171431 | 20°94 || 1:0765 | 11°32 10114 1°70 
1°1410 | 20°66 1°0746 | 11°04 1°0095 1°41 
1°1391 | 20°37 || 1:0727 | 10°75 || 1°0076 iio 
11370. 20°09 1:0707 | 10°47 1°0056 0°85 
1°1351i | 19°81 1°0688 | 10°19 1:0037 0°56 
1°1332 | 19°53 || 1°0669 990 1°0019 0°28 
1°1312 | 19°24 1:0649 9°62 1°0000 0:00 
1°1293 | 18°96 || 1:0629 9°34 ars | 
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Dr. Ure has given a very useful approximate method of sobaiv. 11. 


determining the weight of true acid in 100 parts of acid of 
any specific gravity. It is this. Multiply the decimal part 
of the specific gravity by 148, the product gives nearly the 
true weight of acid. Suppose the specific gravity of the acid 
to be 1:192, then 0°192 x 148 = 28'416, which we see by 
the table, is very nearly the quantity of acid in acid of that 
specific gravity. 

The following table drawn up by Mr. Dalton gives us the 
boiling point of this acid at various densities. 


Sp. gravity. Boiling point. 
BIG? « ve aineKeiscdsae'ee LIQ 
BEDS. odin wien w Fig eke oie «sb, 1490 
ra 2 Severe arerartrora «renee 4b 
PIGS Sos + smn dew ans eee 
P1271) coal Sain 4 t.7T% © os0ieis eee 
La) hava apy deme ke « 228 
DOOA sein SB + «m5 elas 46.0 232 
BOTS Wa asic vicig tte tn ce 22S 
DICER, 2566 «ol i oldisidaue yaw cee 
BOA 1 wil cine alte ¥ a ppg 222 
LOSS, ocinis.s tise sists eg oe, SHO 
POLS. paca vse terete 9 9,359 SLO 
DOOD: 0.0 5.4410 ade 00 orn 6 SLE 


5. When equal volumes of chlorine and hydrogen gas are 
mixed together, if the mixture be exposed to the direct rays 
of the sun or if an electric spark be made to pass through it 
an explosion takes place, the two gases combine without any 
change of bulk and are converted into muriatic acid gas. 
Hence muriatic acid is a compound of equal volumes of the 
two gases, or it is composed by weight of 


Eydrogen. .4,- s/0°125 ). .6.,4 
Chlorine...... 4°5 pave OG 


So that muriatic acid contains 4th part of its weight of hy- 
drogen, and 2Sths of its weight of chlorine. 

Il. Muriatic acid does not seem capable of uniting with any 
of the simple supporters of combustion. 

III. Many of the simple combustibles are capable of de- 
composing muriatic acid and of combining with its chlorine. 
This is the case with the greater number of the metals. The 
method is to combine the metallic oxides with muriatic acid, 
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Book, and to expose the muriates thus formed to a strong heat. In 


Division I. 
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Properties, 


general the oxygen of the oxides combines with the hydrogen 
of the muriatic acid and flies off in the state of water, while 
the metallic basis remains combined with the chlorine in the 
state of a chloride. This decomposition does not always take 
place. Sometimes the heat drives off the muriatic acid and 
leaves the oxide without undergoing decomposition. 

LV. Muriatic acid combines with the different salifiable 
bases, and forms a genus of salts called muriates. 

I shall give a description of the muriates in this place, be- 
cause they cannot with propriety be placed among the salts 
composed of acids which contain oxygen. Gay-Lussac has 
given them the name of hydrochlorates. But this innovation, 
even if called for, (which I think it is not) could not with pro- 
priety be introduced till all controversy respecting the compo- 
sition of the muriates is at an end. 

1. Muriate of ammonia. ‘This salt has been in common use 
for several centuries. But I do not see any proof that the 
ancients were acquainted with it. ‘Tournefort appears to have 
known the constituents of this salt in 1700. Geoffroy junior 
pointed them out experimentally in 1716 and 1723,* as was 
afterwards done more precisely by Duhamel in 1735.+ For 
many years the whole of the sal ammoniac used in Europe 
was imported from Egypt; but it is now made in great abun- 
dance both in Britain and on the continent. 

Sal ammoniac is usually in the form of a hard elastie cake ; 
but by solution in water and proper evaporation it may be 
obtained in crystals. ‘The primitive form of these crystals is, 
according to Hauy, the octahedron; and that of its in- 
tegrant particles the tetrahedon:{ but it crystallizes most 
frequently in long four-sided pyramids. It often assumes the 
form of plumose crystals; the individual crystals of which are 
long hexahedral pyramids. 

The specific gravity of this salt, according to the experiments 
of Dr. Watson, is 1°450.§ A saturated solution of it in water 
at 42° is of the density 1-072. 

In its ordinary compact state sal ammoniac is soluble in 
3°25 times its weight of cold water; || but the crystals, accord- 
ing to Gren, dissolve at the temperature of 50° in 2°727 parts 


* Mem. Par. . + Ibid. t Haty’s Mineralogie, i. 380. 

§ Essays, v. 67. Wallerius makes it 1°453 (Chemistry, i. 266); and 
Kirwan, 1.420. 

|| Wallerius’ Chemistry, 1. 266. 
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of water.* Wenzel found it soluble in 2°24 parts of water of subaiv. 1. 
the temperature 144°5°.¢ A hundred parts of alcohol of the &"°"™, 
strength 0°834 dissolve 14 of this salt. 

In its common form (which is an opaque mass) this salt is 
not much affected by the air, but its crystals are liable to 
deliquesce. . 

When heated, it sublimes without decomposition in the form 
of a white smoke, which exhales a peculiar odour. 

When this salt is sublimed with gold leaf, there is found in 
the neck of the retort an amethyst-coloured matter, bordering 
on purple, soluble in water, and forming a purple solution. 
When filtered, there remains behind a purple powder. This 
salt seems from this to be capable of oxidizing gold.{ 

This salt is composed of equal volumes of ammoniacal and 
muriatic acid gases. It is composed therefore of 1 atom 
acid + 1 atom gas. Hence its constituents are 


Miariatic acid,.\... 4°625° 22. 6S"52° 2. . S100 
FAUNA. «2.60. 22S... SUAS oo ae Sr Oe 


100°00 


2. Muriate of potash. As no correct distinction can be or potas, 
pointed out between this salt and chloride of potassium, 1 refer 
to the description of that chloride in vol. 1. p. 331, of this work. 

3. Muriate of soda. ‘This also agrees in its properties with or soaa. 
chloride of sodium, which is described in vol. i. p. 339, of 
this work. 

The acid is easily extracted from this salt by means of sul- 
phuric acid: but to obtain the alkali at a cheap rate is not so 
easy. ‘The methods which have hitherto succeeded may be 
reduced to two. 

(1.) Muriate of soda is decomposed by means of some sub- decomposi- 
- stance which has a stronger affinity for muriatic acid than soda "" “ 
has. The soda by this process is set at liberty, and may be 
obtained by evaporation and crystallization. Barytes and 
potash would answer this purpose completely; but unluckily 
these bodies cannot be obtained sufficiently pure, except at an 
expence which precludes their employment. ‘There are, how- 
ever, three substances, which are also capable cf setting the 
base of common salt at liberty, and of furnishing soda, either 


* Gren’s Handbuch, i. 488. + Verwandtschaft, 309. 
t Storr, Creil’s New Discoveries, &c, Part u. p. 41. 
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pure or in the state of carbonate. These are litharge, lime, 
and iron. 3 

When about four parts of litharge and one of common salt, 
properly pounded and mixed, are macerated in a little water 
for several hours, and stirred repeatedly, the muriatic acid 
gradually combines with the oxide of lead, and forms a mu- 
riate, while the soda is left in solution, and may be obtained 

eparately by filtration and evaporation. ‘The decomposition 
goes on still more rapidly if the mixture be heated during the 
process. . 

The fact, that the red oxide of lead decomposes muriate of 
soda, which was first observed by Scheele, has given occasion 
to much speculation among chemists. Mr. Hassenfratz en- 
deavoured to account for it, by supposing that the oxide is 
combined with carbonic acid, and that therefore it is a case of 
compound affinity. Mr. Curaudau has proved that carbonic 
acid, instead of promoting, impedes the decomposition; and 
that, in fact, carbonate of lead is incapable of decomposing 
muriate of soda. He concludes, therefore, that the pheno- 
menon cannot be accounted for by the commonly received 
laws of affinity.* Vauquelin has proved more lately, that the 
decomposition by means of litharge is complete, provided the 
quantity of that oxide be greater than that of common salt ; 
that the resulting compound is a submuriate of lead totally in- 
soluble in water, and which is not decomposed by alkalies. 
Hence he ascribes the decomposition to the attraction of mu- 
riate of lead for an excess of oxide.+ But this does not ac- 
count completely for the decomposition, provided it be true 
that oxide of lead has a weaker affinity for muriatic acid than 
soda has. Berthollet has at last explained this apparent 
anomaly by proving, that when two substances are mixed with 
a third, for which each has an affinity, they divide it between 
them in proportions corresponding to the quantity of each: 
and if the compound formed by one of these substances with 
the third be insoluble, that substance combines with the whole 
of the third body, and takes it completely from the other; 
because the insoluble compound being in fact totally abstract- 
ed from the mixture, the decomposition and partition com- 
mences again as at first after every partition. Thus when the 
oxide of lead and muriate of soda are mixed together, the 
oxide and alkali divide the muriatic acid between them, so 


* Ann. de Chim, xiv. 15. > Thitt, £452, S: 
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* 
that sore of the common salt is decomposed, and some mus subdiv. 1. 
riate of lead formed immediately after the mixture. But this ae? 
being in the state of sulmuriate, or altogether insoluble, se- 
parates completely from the rest; in consequence of which a 
new partition of the muriatic acid between the oxide and the 
alkali takes place; and this continues, provided the quantity 
of litharge be sufficient, till the common salt is entirely de- 
composed. 

That the alkali may be extracted from common salt by 2. By time. 
means of lime, may be considered as a fact for which likewise 
we are indebted to Scheele. Cahausen indeed had hinted at 
it in 1717; but his treatise had been forgotten.* Scheele 
ascertained that.a mixture of lime and common salt, formed 
into a paste, and placed in a moist cellar, was covered with an 
efflorescence of soda in 15 days.+ In 1782 Morveau and 
Carny procured a patent from the French government to 
establish a manufactory at Croisic for extracting soda from 
common salt by means of lime. ‘Their process was exactly 
the same with that of Scheele, only upon a larger scale. It 
does not appear, however, that the manufactory was ever 
established. Berthollet has rendered it probable that the soda 
which is found abundantly on the coast of Egypt, is formed 
naturally by a similar process.t{ 

To Scheele likewise we are indebted for the discovery that 3. By iron. 
common salt may be decomposed by iron: He observed that 
a wooden vessel placed in a cellar, and containing brine, had 
its iron hoops covered with an efflorescence of soda. This 
induced him to dip a plate of iron into a solution of common 
salt, and to suspend it inacellar. After an interval of four- 
teen days, he found his iron incrusted with soda.§ The same 
decomposition takes place also if zinc or copper be substituted 
for iron. || 

(2.) The second method of extracting soda from common 
salt is less direct. It consists in displacing the muriatic acid 
by means of some other acid, which may be afterwards easily 
decomposed or displaced in its turn: thus the soda is left be- 
hind at last in a state of purity. The acids which have been 
made choice of are the sulphuric and the acetic; the boracic, 
phosphoric, and arsenic acids, might indeed be employed, as 


* See his Helmontins Extaticus. + Scheele, ii. 15. 
t{ Ann. de Chim. xxxiii. 345, § Scheele, ii, 14. 
|| Athenas, Ann, de Chim. xix, 92, 
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Book. they decompose common salt in a high temperature. The 
seated products in that case would be borate of soda, or the phos- 
phate, or arseniate, of the same base, according to the acid. 
‘These salts might be afterwards decomposed by means of lime, 
and the soda obtained separate. But these acids are a great 

deal too high priced to admit of their employment. 
* Bysul- Sulphuric acid may be either employed in a separate state, 
ates com- OF iN combination with bases, when the salts which it then 
pouncs» forms can be procured at a sufficiently cheap rate. Alum, 
sulphate of lime, and sulphate of iron, have been respectively 
employed with advantage to decompose common salt, and ob- 


tain sulphate of soda. Alum is said to have been first em- | 


ployed for that purpose by Constantini, a physician of Melle, 
near Osnaburg, about 1750. The process, it is affirmed, does 
not succeed except at a low temperature.* Sulphate of lime 
decomposes common salt when formed with it into balls, and 
exposed to a strong heat. ‘Much discussion has taken place 
among the German chemists about the possibility of decom- 
posing common salt by means of sulphate of iron. That sul- 
phate of soda may be obtained by exposing a mixture of these 
two salts to a strong heat, was first announced by Vander 
Ballen. ‘This was contradicted by Hahneman, but confirmed 
by the experiments of Tuhten, ¢ Lieblein, § and Wiegleb. || 
It succeeded completely with the French commissioners, Le. 
lievre, Pelletier, Darcet, and Giroud, who were appointed in 
1794 to examine the different processes for obtaining soda 
from common salt. They ascertained also that pyrites or 
supersulphuret of iron may be employed for the same pur- 
pose.*~ 

After obtaining the sulphate of soda, it is necessary to ex~ 
pel the acid in order to procure the soda separately. This is 


accomplished by calcining the salt mixed with a certain por- - 


tion of charcoal or of pit-coal. By this process it is converted 
into sulphuret of soda, and the sulphur may be abstracted b 

the intervention of iron or chalk. When the sulphuret of soda 
is nearly in fusion, small bits of iron (the parings of tin-plate 
answer best) are thrown in gradually in sufficient quantity to 
decompose the sulphuret. The fire is raised till the mixture 


* Jour. de Min. No. iii. p. 55. 

+ Malherbe and Athenas, Ann. de Chim. xix. 

+ Crell’s Annals, 1790, ii. 406. § Ibid. p. 509. 

| Ibid. 1793, i. 204, | ** Ann. de Chim. xix. 58. 


MURIATIC ACID. 253 


melts. The sulphur, having a stronger affinity for the iron, Subaiv. 1% 
combines with it and leaves the soda, which may be separated tomy 
by solution in water, filtration, and evaporation.* Carbonate 
of lime may be employed also for the same purpose.+ 

Some chemists have proposed to decompose common salt by 5. By ace- 
means of acetate of lead, using either the acetate of com- %% 
merce, or one formed on purpose, by combining litharge with 

the acid liquor obtained by distilling wood. The acetate of 
soda formed by mixing common salt with these acetates is 
afterwards calcined, in order to decompose and expel the acetic 
acid. But these salts are too high priced to be employed with 
advantage to extract soda from common salt. 

4. Muriate of lithia. This salt crystallizes in cubes similar 
to common salt. It deliquesces very rapidly when exposed to 
the air. The dry salt does not fuse at a red heat; though when 

heated to whiteness in a platinum crucible it melts. When in 
its natural state it melts at a very low temperature. 

5. Muriate of morphia. This salt crystallizes in needles, 
usually arranged so as to constitute feather-shaped crystals. 

Its taste is very bitter, and it dissolves in 101 times its weight 
of cold water. 

6. Muriate of strychnia. This salt crystallizes in fine needles, 

which seem to be four-sided prisms. Its taste is excessively 
bitter. When exposed to the air it becomes slightly opaque. 

When heated sufficiently it is decomposed, and muriatic acid 
disengaged. Its constituents according to the analysis of Pel- 
letier and Caventou are as follows: 


Mirdiavic acid.’ 0°. CO(23 
PORVermla.. svn evens O2°92 7% 
10000008 


7. Muriate of brucia. This salt crystallizes in four-sided 
prisms terminated by faces slightly inclined. It is not altered 
by exposure to the air. It is very soluble in water. When 
heated sufficiently, muriatic acid is disengaged, and the salt 
decomposed. Its constituents are 


* Alban, Ann. de Chim. xix. 77—The process was discovered by Mal- 
herbe. See Jour. de Min. No. iii. p- 67. 

+ Leblanc, Ann. de Chim. xix. 61. 

t For a detailed account of the processes of making salt followed in dif- 
ferent countries, the reader is referred to Brownrigg’s Art of making Com- 
mon Salt, and to Watson’s Chemical Essays, ii, 33, 

§ Jour. de Pharmacie, v. 541. 
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Muriatic acid ........ 5°9533 
Brielsa t, » cets.cs tele cca. Pela 


— 


100'0000* 


8. Muriate of picrotoxia. Muriatic acid of the specific gra-~ 
vity 1145 has little action on picrotoxia. It dissolves it how- 
ever when assisted by heat, but does not become entirely sa- 
turated: 5 parts of this acid diluted with three times its weight 
of water dissolve about one part of picrotoxia at a strong boil- 
ing temperature. The liquor on cooling is converted into a 
greyish crystalline mass composed of confused crystals. When 
these crystals are well washed, they are almost tasteless, and 
feel elastic under the teeth, ‘They dissolve in about 400 times 
their weight of boiling water; but are almost entirely depo- 
sited on cooling, ‘The solubility is much increased by the pre- 
sence of an excess of acid.+ 

9. Muriate of lime. ‘Though this salt in all probability ex- 
ists always rather in the state of muriate of lime than of chlo- 
ride of calcium, yet as the chloride when formed artificially, 
exactly resembles the muriate in its properties, no accurate 
distinction can be pointed out between them. I refer there- 
fore to the description of chloride of calcium, in vol. i. p. 350, 
of this work. 

10. Muriate of barytes. ‘This salt likewise will be found de- 
scribed under the name of chloride of barium in vol. i. p. 357, 
of this work. 

11. Murtate of stronitan. Described in vol. i. p. 362, under 
the name of chloride of strontium. 

12, Muriate of magnesia. Described in vol. i. p. 366, under 
the name of chloride of magnesium. 

13. Murtate of yttria. This salt has been examined by Eke- 
berg,t Vauquelin,§ and Klaproth.|| It has a strong resem- 
blance to the nitrate of yttria. Like that salt, it dries with 
difficulty, melts in a gentle heat, and attracts moisture very 
rapidly from the atmosphere. It does not crystallize, but runs 
into a jelly. 

14. Murtate of glucina. This salt has only been examined 
by Vauquelin; and little more is known at present concerning 
its properties than that it resembles nitrate of glucina, but is 


* Pelletier and Caventou, Jour. de Pharmacie, v. 540. 
+ Boullay; Jour. de Pharmacie, v. 1. t Crell’s Annals, 1799, 11. 70. 
§ Ann. de Chim. xxxvi. 157. || Beitrage, il. 69. 
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more easily crystallized. When dissolved in weak alcohol, it subav. 11. 
forms an agreeable sweet liquid. i a 

15. Muriate of alumina. 'This salt was first described by mariate of 
Margraff in his dissertation on the Earth of Alum, published “"""* 
in the Berlin Memoirs for 1754.* Scarcely any addition has 
been made to the facts which he ascertained, except by Bu- 
cholz+ and Wenzel. 

It is prepared by dissolving alumina in muriatic acid. It is 
always in the state of a supermuriate. 

It is scarcely possible to obtain it in the form of crystals: it Proportics. 
is usually either gelatinous, or in the state of white powder. 

It is extremely soluble in water, one part of that liquid being 
sufficient to reduce four parts of the dry salt to the consistence 
of a syrup.§ When exposed to the air, it speedily deliquesces 
into a liquor of a glutinous consistence. 

Pure alcohol, in the mean temperature of the atmosphere, 
dissolves half its weight of this salt ; and when boiling, it takes 
up at least two-thirds of its weight, but deposits again a part 
as the solution cools. || | 

When heated, it melts and loses its acid, while the alumina 
remains behind in a state of purity.** 

Its constituents, according to the analyses hitherto made, are 
as follows: 


no) aoe ee GOTT shisicwie.s 52147 Composi- 
See oO. cain is BONN s 5454 oes 47S ee 
Water ...... 40°2 . 

Ra oe OOO es, ee 2.100 


16. Muriate of zirconia. This salt was first examined by stariate of 
Klaproth: it was afterwards described more particularly 35, Aaa 
Vauquelin. 

It is easily formed by pouring muriatic acid on newly pre- 
cipitated zirconia. It is colourless; its taste is very astringent ; 
by evaporation it furnishes small transparent crystals in needles, 
which lose their transparency in the air. Muriate of zirconia 
is very soluble in water and in alcohol ; to the flame of which 
it does not communicate any particular colour. Heat decom- 


* Margraft’s Opusc. ii. 118. + Beitrage, iii. 109. 
t Verwandtschaft, p. 111. § Bucholz, ibid. p. 115. 
. || Margraff, p. 111. ** Ibid. p. 111. 


++ Bucholz, Beitrage, iii. 111. 
{ Theoretical composition, supposing the salt a submuriate composed 
of J atom acid + 2 atoms alumina, 
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poses it; and it is decomposed likewise by the saliva when 
taken into the mouth. | 

Vhen muriate of zirconia contains a little his it forms 
cubic crystals without consistence, and resembling a jelly. 
These crystals, when exposed to the air, gradually lose their 
transparency, and diminish in volume; and there are formed 
in the middle of the salt white silky needle-shaped crystals. 

Muriate of zirconia is decomposed by sulphuric acid; part 
of the sulphate precipitates, and part remains dissolved in the 
muriatic acid. When this acid is driven off by heat, the re- 
mainder of the sulphate is gradually deposited: if the evapo- 
ration be stopped before the mass be reduced to dryness, it 
forms a kind of jelly when cold. It is also decomposed by the 
phosphoric, citric, tartaric, oxalic, and saclactic acids, which 
form with zirconia insoluble compounds that ‘precipitate in 
white fiakes. 

The gallic acid poured into muriate of zirconia produces a 
white precipitate; but a green, bordering on grey, if the zir- 
conia contains iron; and this last precipitate becomes, when 
dry, of a bright black colour, and resembles China ink. The 
liquid preserves a greenish colour: new portions of gallic acid 
produce no farther precipitation ; but carbonate of ammonia 
separates in great abundance a flaky matter of a purplish co- 
lour, not unlike that of the leys of wine. From these expe- 
riments it follows, that gallic acid has a greater affinity for zir- 
conia than muriatic acid has; and that the gallates of zirconia 
and iron are soluble in muriatic acid. 

Carbonate of potash decomposes muriate of zirconia, and 
part of the carbonic acid combines with the earth, and renders 
it easily soluble in acids though dried. 

Carbonate of ammonia occasions a precipitate, which is 
mostly dissolved by adding more carbonate. 

Prussiate of mercury produces an abundant precipitate, 
which is soluble in muriatic acid; and which consequently is 
not muriate of mercury. 

A plate of zinc, introduced into a solution of muriate of zir- 
conia, occasions a slight effervescence; the liquor. becomes 
milky, and ina few days assumes the form of a white semi- 
transparent jelly. 

Alumina decomposes muriate of zirconia with the assistance 
of a slight heat; the alumina dissolves, the liquor becomes 
milky, and assumes the form of a jelly. When the muriate 
contains iron, it remains in the solution, and the precipitated 
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zirconia is quite pure. Here, then, is a method of freeing subaiv. rr. 
zirconia from iron.* ees 

17. Muriate of iron. Muriatic acid attacks iron with great Muriate of 

rapidity; hydrogen gas is emitted in consequence of the de- "*™ 
composition of water, and the iron is oxidized and dissolved. 
This acid dissolves likewise the oxides of iron much more rea~ 
dily than any other, and for that reason it is sometimes employed 
to take out iron-marks from linen,}+ and to remove particles of 
rust, which often adhere with great obstinacy to glass vessels. 
Muriatic acid combines both with the black and red oxides of 
iron, and forms with each of them a peculiar salt, the proper- 
ties of which have been described by Davy. Their existence 
had been previously pointed out by Proust. The common 
muriate of iron, usually obtained by dissolving iron or its 
oxides in muriatic acid, is a mixture of these two salts. 

(1.) Muriate of iron. When iron filings are dissolved in 1. Protos 
muriatic acid, the solution, provided it be excluded from fg 
air, is of a pale green colour, and yields, when evaporated, 
crystals of muriate of iron of a pale green, which are extremely 
soluble in water, and soluble also, according to Davy, in alco- 
hol. The solution attracts oxygen from the air and from ni- Properties. 
tric acid. The crystals are flat rhomboidal plates, approach- 
ing to rectangles. They are transparent at first, but speedily 
become yellow and opaque by exposure to the air. The taste is 
astringent, sweetish and acrid. This salt absorbs nitrous gas 
even in greater quantity than sulphate of iron, and acquires, when 
saturated, a dark brown colour, and a much more astringent 
taste than muriate of iron in its usual state. When heated, the 
greatest part of the gas is driven off, some red oxide of iron is 
precipitated, and some ammonia formed, precisely as happens 
to a solution of sulphate of iron impregnated with nitrous gas.{ 

This salt may be formed very readily by dissolving sulphuret 
ofiron in muriatic acid ; the sulphuretted hydrogen gas evolved 
preventing the absorption of oxygen from the atmosphere.§ 

(2.) Permuriate of iron. This salt may be formed by dissolv- 
ing the red oxide of iron in muriatic acid, by treating the mu- 2. permu- 
riate of iron with nitric acid, or simply by exposing it in solu- ™*** 
tion to the air. The solution of this salt is of a deep brown ; 
its odour is peculiar, and its taste, even when much diluted 


* Vauquelin, Ann. de Chim. xxii. 201. 
t+ But as it corrodes linen, it is the most improper acid for this purpose. 
{ Davy, p. 180. § Davy, Journal of the Royal Institution, i. 308. 
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with water, is exceedingly astringent. .When evaporated to 


dryness, it yields an uncrystallizable orange-coloured mass, 


which deliquesces in the air, and is soluble in alcohol. This 
salt gives a yellow tinge to animal and vegetable substances, as 
is the case with chlorine. When sulphuric acid is poured upon 
it, the odour of chlorine is perceptible. This salt does not 
absorb nitrous gas. When sulphuretted hydr ogen gas is made 
to pass through it, part of the oxygen is specie and the 
salt is converted into muriate of iron.* 

When this salt is distilled, chlorine passes over, and the iron 
is reduced to the state of black oxide. This gas is also formed 
and exhaled during the solution of red oxide of iron in mu- 
riatic acid, at least if the solution be promoted by the appli- 
cation of heat. 

If the heat be increased after the permuriate of iron is eva- 
porated to dryness, the whole salt sublimes, not however in the 
state of permuriate, but of simple muriate, which is capable of 
crystallizing. 

18. Muriate'of nickel. Muriatic acid scarcely attacks pure 
nickel, especially if it has been hammered. The best solvent 
is nitromuriatic acid.+ This solution, which has a green co- 
Jour, yields when evaporated irregular crystals of muriate of 
nickel, which are decomposed by heat and by long exposure to 
the air, though at first they deliquesce like nitrate of nickel.f 

The colour of this salt is apple-green. It stains paper yel- 
low. When heated it loses 55 per cent. of water, and is con- 
verted into a yellow anhydrous muriate, which becomes green 
by absorbing water when exposed to the air. When heated 
sufficiently in a glass retort, that portion only which is in con- 
tact with the glass is decomposed; the rest sublimes in golden 
yellow flowers, which gradually absorb water and become green. 
Muriatic acid dissolves them with difficulty. 

This salt, according to Proust, is composed of about 


34 oxide 
11 acid 
55 water 


100§ 
19. Murtate of cobalt. Muriatic acid acts with difficulty 
* Davy, Jonrnal of the Royal > pr pay p. 181. 


+ Richter, Gehlen’s Jour. 11, 257 { Bergman, il. 268. 
é Ann, de Chim. Ix. 278. 
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upon cobalt even when assisted by heat; but a solution may Subdiv. 11, 
be readily obtained by adding a little nitric acid. Muriatic i igi, 
acid dissolves the peroxide of cobalt with an effervescence oc- 
casioned by the emission of chlorine gas. The solution, when 
concentrated, is of a fine green, and blue if there be no excess 

of acid, but it becomes red when diluted with water. This 
solution, when sufficiently concentrated, yields small deliques- 

cent crystals of muriate of cobalt. These crystals are blue, 

but become red when they absorb moisture. 

The solution of this salt constitutes the first and best known sympathe- 

of all the sympathetic inks. It is diluted with water till its co- *#* 
lour almost disappears; and then the characters written with 
it on paper are invisible while cold; but if the paper be gently 
heated they acquire a fine green colour, which disappears again 
when the paper cools. This may be repeated as often as we 
please, provided care be taken not to heat the paper too much, 
otherwise the characters acquire a permanent brown colour. 
Klaproth affirms, that this change to green only takes place 
when the cobalt solution is contaminated with iron: if the co- 
balt be pure, the characters, instead of a green, acquire a blue 
colour when heated.* This sympathetic ink was first made 
known by Waitz in 1705:+ it was described a second time by 
Teichmeyer in 1731 ;+ and a third time by Hellot in 1737.§ 
The cause of this singular change of colour has not hitherto 
been explained in a satisfactory manner. But it is easy to 
show that the disappearing of the colour is owing to the ab- 
sorption of moisture from the atmosphere. For the green co- 
lour is permanent if the paper be confined under the receiver 
of an air pump along with a flat vessel filled with concentrated 
sulphuric acid. 

When this salt is heated to redness in a retort, those parts 
of it only that touch the glass are decomposed, muriatic acid 
and chlorine are disengaged, and the glass is tinged blue. The 
rest of the muriate melts, and sublimes in grey coloured flow- 
ers. ‘These flowers dissolve with great difficulty in water. At 
last, however, a solution of common muriate of cobalt may be 
obtained. || 

20. Muriate of manganese. Muriatic acid readily dissolves Murtate of 
the protoxide or carbonate of manganese. It dissolves like- "2°" 


* Klaproth’s Observations on the Fossils of Cornwall, p.64. Eng. Trans. 

t See Wiegleb’s Geschichte, i. 126. + Commerc. Literarum, p. 91. 

§ Mem. Par. 1797. || Proust, Ann, de Chim. Ix. 269. 
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wise the metal with the evolution of hydrogen gas; the solution 


is nearly colourless. John procured it in crystals by evapo- 


Miuriate of 
cerium, 


rating a portion of it to dryness, and putting the dry mass in 
a very concentrated solution of the salt, and keeping the liquid 
for some days in a temperature between 77° and 88°. The 
crystals are long four-sided tables terminated each way by two 
planes. Sometimes the edges are so truncated as to convert 
them into six-sided tables. They are white with a slight shade 
of red; are transparent, and have a caustic taste, leaving a 
saltish impression on the tongue. They speedily deliquesce in 
the air. When kept in close vessels at a temperature above 
77°, they become opake, and are covered by a white powder, 
owing to the escape of part of their water of crystallization. 
When heated they undergo the watery fusion, then lose their 
water, and at a red heat the greatest part of their acid. Both 
water and alcohol dissolve more than their weight of this salt. 
The alcoholic solution burns with a red flame. The specific 
gravity of the crystals is 1°560. According to Dr. John this 
salt is composed of 


PCH AE ete ee oe 20°04: 

Protoxide 2)". S.%. 38°50 

Water ct ce. ot het 41°46 
100:00* 


From this analysis it follows that the salt examined by John 
isa submuriate. If we suppose it a compound of 1 atom acid, 
2 atoms protoxide of manganese, and 8 atoms water, its con- 
stituents will be 


Muriatic acid ...... 20°44 
ProvOKidetcin mt KosawSO7s 
Ny lL OK state seus awed Luna oeears 


100°00 


21. Muriate of cerium. When red oxide of cerium is 
treated with muriatic acid, a considerable effervescence is pro- 
duced, and chlorine gas escapes. ‘The solution obtained is a 
yellowish red, and the shade is the lighter the longer the liquid 
has boiled. By concentration and cooling, small four-sided 


prismatic crystals are deposited of a yellowish white colour. 


They are soluble in alcohol, and deliquesce when exposed to 


* Annals of Philosophy, ii. 267. 
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the air. Their taste is astringent and sweet. When the per- subaiv. 1 
muriate of cerium, thus formed, is exposed to heat, it is Chr Ut 
completely decomposed. The water of crystallization and 
excess of acid pass over first, and then chlorine; the residue 
is a white oxide, difficultly soluble in acids. If iron be present 
it is volatilized in the state of muriate. 

If too strong a heat has not been applied, a portion of the 
salt remains undecomposed. It is white, and forms a colour- 
less solution in water, being in reality a muriate of cerium.* 

22. Muriate of uranium. Uranium, in the metallic state, is of uranium, 
scarcely attacked by muriatic acid ;+ but it dissolves the oxide,’ 
and forms with it deliquescent crystals of a yellowish green 
colour, having the form of four-sided tables. 

23. Muriate of zinc. Muriatic acid dissolves zinc rapidly, og zinc, 
and with effervescence, owing to the emission of hydrogen 
gas. ‘The solution is colourless; and, when evaporated, does 
not crystallize, but assumes the form of a jelly. When dis- 
tilled, a little of its acid separates, and muriate of zinc re- 
mains behind in a solid mass, easily fusible. Its specific gra- 
vity is 1°577.§ It is very soluble in water; and when exposed 
to the air gradually attracts moisture, and assumes a celati- 
nous consistence. Sulphuric acid décomposes it, and the 
alkalies precipitate the oxide of zinc from its solution. | 

24. Muriate of cadmium. It crystallizes in small rectangu- or cad- 
Jar prisms, which are perfectly transparent, and very soluble ™™ 
in water. When this salt is heated it loses its water of crys- 
tallization, and then melts before it is heated quite to redness, 
and on cooling congeals into a transparent foliated crystalline 
mass, having a pearly lustre, approaching to the metallic; 
but which, when exposed to the air, loses its transparency and 
its lustre, and falls down in the state of a white powder. In 
a strong heat the fused salt sublimes in micaceous plates, pos- 
sessing the usual lustre and transparency, and undergoing the 
very same alteration when exposed to the air. This fused 
salt is composed of 


Oxide of cadmium .... 70°0247 
Muriatic acid ........ 29°9753 
100:0000 
* Klaproth, Gehlen’s Jour. ii. 312. Hisinger and Berzelius, ibid. WVau- 
quelin, Ann. de Chim. liy. 54. 
¢ Bucholz, Gehlen’s Jour. iv. 36. 


} Klaproth, Crell’s Annals, i. 180. English Edition. 
§ Hassenfratz, Ann, de Chim. xxviii. 13. || Fourcroy, v. 383. 
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So that 100 parts of muriatic.acid are saturated by 233°6196 
parts of cadmium.—Or, if we consider this substance as a 
chloride of cadmium, its constituents are 


Cadmium sacs oiers.i ss achlt$877 
Chiovrine gai skedlea BORIS 


100°0000 


25. Muriate of bismuth. Muriatic acid has scarcely any 
action on bismuth while cold; but when distilled off that metal 
previously reduced to powder, it gradually oxidizes, and 
brings it to the state of a white powder. Muriate cf bismuth 
may be readily formed by dissolving the metal in nitromuri- 


_atic acid. When the solution is evaporated, it is said to yield 


small prismatic crystals. 

26. Muriate of lead. ‘This salt may be formed readily by 
pouring muriatic acid or an alkaline muriate into a solution of 
nitrate of lead. ‘The muriate precipitates in the state of a 
white powder. It has a sweetish taste. . Its specific gravity is 
1°8226.* It is soluble in 22 parts of cold water, and this 
solubility is increased considerably by the presence of an acid.+ 
It is soluble in acetic acid; a property by which it may be 
readily distinguished from sulphate of lead. When its solu- 
tion in boiling water is allowed to cool, the salt crystallizes in 
very small six-sided prisms of a white colour, and a brilliant 
appearance like satin. ‘These crystals.are not altered by ex- 
posure to the air. It is soluble in nitric acid. Its consti- 
tuents are 


WV UMATIALIC CIC). oi okeofate. 94°83 
Protoxide of lead .....’.. 75°17 
100°00 


Submuriate of lead. 'This salt may be procured either by 
treating muriate of lead with a pure alkali, or by decomposing 
common salt by means of four times its weight of litharge. In 
either case a white powder remains, MN ie is the sibmuniate 
of lead. Vauquelin first pointed it out to the peculiar atten- 


* Hassenfratz, Ann. de Chim. xxviii. 12. 

+ Chenevix, Nicholson’s Journal, iv. 223. —According to Wenzel, water 
though boiled on muriate of lead, takes up only gpth of that salt. Ver- 
wandtschaft, p, $11. 


MURIATIC ACIQ. 263 


tion of chemists.* It had been previously mentioned by Sabu 
Bergman. It is insoluble in water. When heated, it assumes . pica: 
a fine yellow colour. Nitric acid dissolves the excess. of oxide, 
and leaves muriate of lead in crystals. The fixed alkalies 
dissolve it without decomposition. This salt is employed as a 
yellow paint. 

27. Muriate of tin. This salt is obtained by dissolving tin oF tir, 
in about four times its weight of muriatic acid. The solution 
is colourless, and. yields when evaporated needle-shaped 
crystals, soluble in water, and somewhat deliquescent. Their 
specific gravity is 4°2932.f Water, when poured on it in 
small quantity, readily decomposes it; a submuriate precipi- 
tates, while a supermuriate remains in solution. 

This salt has a strong affinity for oxygen, and absorbs it 
with avidity from the air, and from nitric acid, and is con- 
verted into permuriate of tia, as Pelletier first observed. It 
absorbs oxygen also from arsenic acid, and arsenious acid. 
When these bodies are treated with muriate of tin, they are veoxiaizes 
precipitated, completely deprived of oxygen, in the state of a ™“*? 
black powder. Molybdic acid and yellow oxide of tungsten, 
er their combinations, when dropped into a solution of muri- 
ate of tin, immediately assume a blue colour, being changed 
into oxides with a minimum of oxygen. ‘The red oxide of 
mercury, the black oxide of manganese, the white oxide of anti- 
mony, the oxides of zinc and of silver, are likewise deprived of 
their oxygen by this salt, and reduced to the metallic state. The 
oxygenized salts of iron and copper are also reduced to salts 
with a minimum of oxygen, and the muriate of gold occa- 
sions a purple precipitate, consisting of gold reduced to the 
state of purple oxide. For these interesting results we are 
indebted to Pelletier and Proust. They afford a sufficient key 
to explain all the singular changes produced upon the greater 
number of metallic salts by this muriate.t 

28. Muriate of copper. Muriatic acid, while cold, does not muriate of 
act on copper in close vessels, though in an open vessel it “ “°P?*™ 
gradually corrodes and dissolves it. When heated it readily 
oxidizes and dissolves the metal, while at the same time hy- 
drogen gas is evolved, and part of the acid volatilized. By 
this process the copper is oxidized to a maximum. But mu- 
riatic acid is also capable of combining with the first oxide of 

* Ann. de Chim. xxxi. 3. 

+ Hassenfratz, Ann. de Chim. xxviii. 12. 

} Pelletier, Ann. de Chim. xii. 225.—Proust, Jour. de Phys, li, 173. 
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copper, and of forming another salt, first discovered by M. 
roust, and afterwards more precisely examined by M. 
Chenevix. 

(1.) Permuriate of copper. This salt may be obtained either 
by dissolving copper in muriatic acid by the assistance of heat, 
or by throwing the oxide of copper into that acid cold. The 
solution, which is of a fine green colour, yields, when suffi- 
ciently concentrated, and allowed to cool slowly, crystals of 
permuriate of copper in the form of rectangular parallelopi- 
peds of a fine grass-green colour. 

This salt is exceedingly acrid and caustic. Its specific 
gravity is 1°6776.* It is very soluble in water; and when 
exposed to the air, very soon attracts moisture, and is con- 
verted into a liquid of the consistence of oil. At a moderate 
heat it melts, and assumes a solid form when cold. Its com- 
position is as follows: 

Acide. iii. vian MOOS meds ole dogsy 
Peroxide ssiieis S98 oud oma.to BOY 
' wh geeacic 


100°0 100°00 

The crystals, according to Proust, contain 36 per cent. of 
water.§ If so, they are a compound of 1 atom anhydrous 
salt + 8 atoms water. 

This salt may be distilled to dryness without alteration ; 
but if the heat be increased, chlorine passes over, the copper 
loses part of its oxygen, and there remains behind protomu- 
riate of copper. When potash is poured into the solution of 
permuriate of copper, a green powder is precipitated, which 
is a subpermuriate, containing 72 parts in the hundred of 
brown oxide of copper. When copper is dissolved in nitro- 
muriatic acid, a similar green powder separates. Its consti- 
tuents are 

Acid ....5.45.. 1436][........ 19:35** 
Peroxide, ia Saal. Gweduas EGS 


100°00 100°00 


* Hassenfratz, Ann. de Chim. xxviii. 12. 

+ Berzelius, Ann. de Chim. lxxviii. 119. 

¢ Theoretical composition, on the supposition that it is composed of 3 
atoms acid and 2 atoms oxide, or that it is a sesquimuriate. 

§ Ann. de Chim. xxxii. 47. 

{| Berzelius, Ann. de Chim. Ixxvii. 121. 

** Theoretical composition, on the supposition that it is a subtritomuri- 
ate, or a compound of one atom acid and three atoms peroxide. 
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Permuriate of copper is not decomposed by sulphuric or Subdiv. 1 
nitric acid; but the alkalies and alkaline earths precipitate Nec anete 
the oxide in the state of a subsalt, if the muriate of copper 
predominate; and in the state of a hydrate if the alkalies pre- 
dominate.* 

(2.) Muriate of copper. This salt, which contains copper 2. Proto- 
combined with a minimum of oxygen, was discovered by M. cat a 
Proust, while engaged in his experiments on tin. He ob- 
served, that when the salts of copper were mixed with the 
muriate of tin, that the last salt deprived the copper of part of 
its oxygen, and formed a salt of a white colour, not acted on 
by sulphuric acid, but soluble in muriatic acid. This so- 
lution yielded him a colourless salt, which, on examination, 
proved to be a muriate of copper.t 

M. Chenevix has discovered a very simple process for ob- Formation. 

taining this salt. He mixed together, in a mortar, 57°5 parts 
of the black oxide of copper, and 50 parts of copper in the 
state of a fine powder, obtained by precipitating that metal 
from its solution in muriatic acid by means of a plate of iron. 
The mixture was put along with muriatic acid into a well- 
stopped phial. A violent disengagement of caloric took place, 
the liquor became of a red orange colour, and the whole was 
dissolved except 7°5 of metallic copper. The solution con- 
sisted entirely of muriate of copper.t 

It may be obtained also, as Proust has shown, by distilling 
permuriate of copper. After the greatest part of the water 
has passed over, the acid attracts oxygen from the metal, and 
passes over partly in the state of chlorine; a grey mass re- 
mains in the retort, which, when dissolved, is muriate of cop- 
per. The salt may be obtained also by keeping a plate of 
copper plunged in a bottle filled with muriatic acid. Crystals 
of muriate gradually form upon the plate; and when the co- 
lourless acid is diluted with water, muriate of copper precipi- 
tates in the state of a white powder.§ 

This salt crystallizes in tetrahedrons. When its concen- 
trated solution is diluted with water, the salt precipitates in 
the state of a white powder, being no doubt deprived of the 
- excess of acid which held it in solution. When repeatedly 
- washed with water, its a 1s carried off, and the orange 


* Ann. de Chim. xxxii. 47. + Ann. de Chim. xxviii. 218. 
+ Phil, Trans. 1801, p. 237. § Jour. de Phys. li. 181. 
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oxide of copper only remains.* The constituents of this salt 
are as follows: © 


Acide. so... BO49F 0.) OBB TE 
Protoxide? 220 79°88 62 OE OF 


100°00 100°00 


When this salt is exposed to the air, it very speedily attracts 
oxygen, and is converted into permuriate of copper. The 
sulphate of iron, when dropped into a solution containing it, 
precipitates the copper in the metallic state, while it passes 
itself to the state of persulphate.§ 

It dissolves in ammonia, and forms a colourless solution, which 
gradually attracts oxygen when exposed to the air, and at the 
same time acquires a fine blue colour. || 

29. Muriate of mercury. We are not acquainted with any 
such salt. Calomel and corrosive sublimate are chlorides of 
mercury, and have been described as such. See vol. i. p. 483. 

30. Muriate of silver. Neither do we know any muriate of 
silver. Horn-silver is a chloride, and has been described 
already. See vol. i. p. 496. 

31. Muriate of gold. This salt, which was well known to 
the alchymists, and much valued by them, may be formed by 
dissolving gold in a mixture composed of one part of nitric 
and four parts of muriatic acid. ‘The metal is attacked in- 
stantly, and dissolves with a strong effervescence, occasioned 
by the emission of nitrous gas. The liquid, when saturated, 
which is known by its refusing to dissolve more gold, forms a 
solution of a deep yellow colour. It tinges the skin indelibly 
of a deep purple colour, and produces the same effect upon 
almost all animal and vegetable bodies, and even upon marble. 
The colour is owing to the partial reduction of the yellow 
oxide of gold, and its permanency to the strong affinity be- 
tween metallic oxides and the epidermis. 

When this solution is evaporated, muriate of gold is ob- 


* Chenevix, Phil. Trans. 1801, p. 230. Though this compound ts pro- 
bably, or certainly, a chloride of copper, I have thought it best to give the 
account of it as it was drawn up by the original experimenters. 

+ Berzelius, Ann. de Chim. Ixxviii. 118. 

} Theoretical composition, on the supposition that it is a subsesquimuri- 
ate, ora compound of 2 atoms acid and 3 atoms protoxide. 

§ Proust, Ann. de Chim, xxvui. 220, 

| Proust, Jour. de Phys. li. 182. 
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tained in small crystals of a fine yellow colour, having the Subaiv. 1. 
form of four-sided prisms or truncated octahedrons. ‘They Scilla 
are obtained more readily if the solution be evaporated to half 

its bulk, and a little alcohol be afterwards added to it. ‘This 
muriate is so liquifiable, so difficult to obtain dry, that it can 

be scarcely taken out of the retort without considerable loss. 

In summer it becomes liquid in the morning, and crystallizes 
towards evening, passing through this alternation during the 
continuance of the hot weather. Its taste is acerb with a little 
bitterness, but without that aftertaste of metal which renders 

the solutions of silver, mercury, &c. so disagreeable. It dis- 

solves readily in alcohol, and may be seharated by eetOp 
without undergoing any change.* 

When its solution is hdatod gradually in a retort, eh 
passes over-chlorine; and a minute quantity of muriate of gold 
is also carried along with it undecomposed.+ The gold re- 
mains spongy, and without lustre at the bottom of the retort. 

This salt is soluble in ether. The solution has a yellow 
colour ; and the gold is gradually reduced to the metallic state, 
doubtless by the action of the ether on it. Ether seems to 
dissolve muriate of gold more readily than water; for when 
liquid muriate of gold is agitated with ether, the whole salt 
passes from the water to the ether. 

It is decomposed by the alkaline earths; the yellow oxide 
of gold being separated. But ammonia re-dissolves this oxide, 
and so do the fixed alkalies if added in sufficient quantity, 
forming probably triple salts which have not been examined. 

It is decomposed also while liquid by hydrogen gas, phos- pecompos. 
phorus, and sulphurous acid; and the gold is precipitated in fore" 
the metallic state, being deprived of its oxygen by these com- 
bustible bodies: but when dry this decomposition does not 
happen. For these very interesting facts we are indebted to 
the ingenious Mrs. Fulhame. She hiatal that when a piece 
of silk, dipped in a solution of gold in nitro-muriatic acid, is 
exposed to hydrogen gas while moist, the gold is instantly re- 
duced; but if the silk be dried previously, the reduction does 
not take place. The same reduction takes place. when the 
silk is dipped into phosphuretted ether. If a bit of silk, 
moistened with phosphuretted ether, be dipped into the nitro- 


* Proust, Nicholson’s Jour. xiv. 239. 
+ To the hquid obtained by distilling over the solution of gold in nitro- 
muriatic acid, the alcbymists gave the name of leo rubeus, “ red lion.” 


268 


Book If. 


Division f. 


Precipitated 


by metals. 


ACIDS COMPOSED OF CHLORINE AND A COMBUSTIBLE. 


muriatic solution, its surface is immediately gilt with a fine 
coat of gold, which adheres very strongly. 

Mrs. Fulhame ascertained, that'this reduction of the gold 
does not happen in any case unless the salt be moistened with 
water: when perfectly dry, it is not altered. This is not pe- 
culiar to the action of combustibles on metallic salts: it holds 
also, as we shall see afterwards, with respect to the metals. 
But it is by no means easy to see what makes water so indis- 
pensably necessary. It is not, as is commonly supposed, in 
order. to secure the fluidity of the mixture: for Mrs. Fulhame 
has shown that ether, though a liquid, has no effect in re- 
ducing gold unless water be present. She accounts very ingeni- 
ously for the phenomena, by supposing that the water is de- 
composed. ‘The combustible combines with its oxygen, while 
its hydrogen combines with the oxygen of the gold, and repro- 
duces water. ‘This theory accounts very well for the pheno- 
mena; but it would require some direct proof to establish it 
completely. 

The greater number of the metals, when plunged into the 
solution of muriate of gold, occasion a precipitate either of 
gold in the metallic state, or of its purple oxide; while at the 
same time a portion of the precipitating metal is oxidized and 
dissolved by the acid. Zinc, iron, bismuth, copper, and mercury, 
precipitate it in the metallic state. Lead, silver, and tin, preci- 
pitate it in the state of purple oxide. The sulphate of iron 
precipitates it in the metallic state, and is at the same time con- 
verted into persulphate by the oxygen which it has absorbed; 
whereas the persulphate of iron produces no effect at all. 
The same thing happens with tin. The muriate of that metal 
precipitates the gold in the state of purple oxide, combined 
with oxide of tin; a precipitate well known by the name of 
precipitate of Cassius, and used to give a red colour to porce- 
lain and glass: but the permuriate of tin, which is already at 
a maximum of oxygen, produces no such effect : because it does 
not absorb oxygen from the gold. 

M. Proust has published a number of experiments on the 
purple of Cassius. He has endeavoured to prove that it is a 
compound of gold in the metallic state, and the peroxide of 
tin. His proofs that the gold is in the metallic state, do not 
appear to me to be quite convincing, though they certainly 
render the opinion plausible. ‘There can be no doubt that 
the two constituents of this powder are chemically combined. 
When the liquid, from which purple of Cassius is precipi- 
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‘tated, contains an excess of acid, the precipitation goes on very Svbaiv. 1. 
slowly. It is very much facilitated by the addition of potash ; Rina he 
but care should be taken not to add this alkali in excess, © 
otherwise the precipitate is contaminated with a mixture of 
uncombined oxide of tin. From Proust’s experiments we 

learn, that this powder is a compound of one part of gold and 

three parts of peroxide of tin.* Aqua regia dissolves the gold 

and leaves the tin; on the other hand, muriatic acid dissolves 

the tin and leaves the gold. Nitric acid dissolves a portion of 

the tin, and brightens the colour of the powder; but is not 
capable of dissolving the whole. 

32. Muriate of platinum. ‘This salt may be formed by dis- muriate of 

solving platinum in chlorine; but it is more easily obtained sii fa. 
by means of nitro-muriatic acid. Sixteen parts of a mixture, 
composed of one part of the strongest nitric and three parts 
of muriatic acids, when boiled upon platinum previously re- 
duced to powder, gradually dissolve it with a violent efter- 
vescence, during which chlorine gas is disengaged. _ This 
solution assumes at first a yellow colour, which gradually 
deepens as the platinum dissolves; and when the solution is 
finished, it is of a very deep red or brown. It is exceedingly 
acrid and caustic, and tinges the skin indelibly of a dark brown 
colour. When it is sufficiently concentrated by evaporation, 
very small irregular crystals of muriate of platinum are de- 
posited of a reddish-brown colour : when properly edulcorated 
and dried, they are less soluble in water than sulphate of 
lime.+ This salt has a disagreeably astringent metallic taste. 
Heat decomposes it by driving off the acid. ‘The earths, as 
far as they have been tried,{ decompose the solution of this 
salt by precipitating its oxide: and the same effect, as Berg- 
man first demonstrated, is produced by a sufficient quantity of 
soda.§ But the other two alkalies combine with the muriate 
of platinum, and form triple salts. 

When the solution of this salt is evaporated to dryness, the 
insoluble muriate which remains is composed of 


70 peroxide of platinum 
30 acid and water 


ea 


100 | 


* Nicholson’s Journal, xiv. 336. + Bergman, il. 167. 

{ M. Chenevix found that lime precipitates only a portion of the oxide, 
and not the whole. 

§ Bergman, p. 172. || Chenevix on Palladium, p. 27. 
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V. Morveau first showed that muriatie acid, in the state of 


V.— gas, neutralizes putrid miasmata, and by that means destroys 


Muriatic 
acid de- 
stroys pu- 
trid mias- 
Mata. 


their bad effects. In 1773, the cathedral of Dijon was so in- 
fected by putrid exhalations, that it was deserted altogether 
aitcr several unsuccessful attempts to purify it. Application 
was made to M. Morveau, at that time Professor of Chemistry 


at Dijon, to see whether he knew any method of destroying 


these exhalations.- Having poured two pounds of sulphuric 
acid on six pounds of common salt, contained in a glass cap- 
sule, which had been placed on a few live coals in the middle 
of the church, he withdrew precipitately, and shut all the 
doors. ‘The muriatic acid gas soon filled the whole cathedral, 
and could even be perceived at the door. After twelve hours, 
the doors were thrown open, and a current of air made to pass 
through to remove the gas. This destroyed completely every 
putrid odour. * 


‘SECT. IL 


OF CHLOROCARBONIC ACID. 


Tus acid was discovered by Dr. John Davy in 1812. He 
gave it the name of phosgene gas. IT have given an account 
of its properties in a former part of this work.+ It has been 
hitherto so imperfectly examined that the few facts ascertained 
respecting it found a place under the head of carbon. It is 
the only acid at present known which is formed of two sup- 
porters united to a simple combustible. Many of the bases 
decompose it. But it is possible that it might unite with the 
chlorides and form a class of salts altogether new. 


SUBDIVISION III. 


COMPOUNDS OF IODINE WITH SUPPORTERS AND COM- 
BUSTIBLES. 


Topix having been known to chemists only for a very few 
years, it is not surprising that the compounds which it forms 
have been hitherto but imperfectly investigated. Three chap- 


* Jour. de Phys, 1. 436. 1 See vol. i. p. 233. 
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| ters will exhaust all that we know at present of these bodies. subaiv. a. 
In the first we shall describe the combinations of iodine with ney . 
simple supporters, in the second the iodides, and in the third 

the acids formed by the union of iodine with simple com- 
bustibles. 


Chiat. 1. 
OF THE COMPOUNDS OF IODINE WITH SUPPORTERS. 


lopinE is capable of combining both with oxygen and 
chlorine, and with each of these bodies it forms an acid. The 
compound of iodine and oxygen is called iodic acid, the com- 
pound of iodine and chlorine chloriodic acid. These two acids 
will occupy our attention in the two following sections. 


SECT. I. 
OF IODIC ACID. 


Tuts acid in a separate state was first discovered and de- 
scribed by Sir H. Davy. I have given an account of its pro- 
perties and constitution in a former part of this work.* But 
the compounds which it forms with acids and with the salifi- 
able bases still remain to be described. 

I. The compounds which it forms with the acids were dis- compounds 
covered by Sir H. Davy. They have not hitherto been *™ 
distinguished by any name, though there seems no reason to 
doubt that they are real chemical combinations. 

1. When sulphuric acid is dropped into a concentrated so- sulphuric 
lution of iodic acid, a solid substance precipitates, consisting *“ 
of the two acids united together. When heated this substance 
melts, and on cooling forms rhomboidal crystals of a pale 
yellow colour, which are very fusible, and which do not alter 
at the temperature in which iodic acid is decomposed. When 
strongly heated it is partly sublimed and partly decomposed 
into oxygen, iodine, and sulphuric acid. 

2. With phosphoric acid, iodic acid forms a solid, yellow, phosphoric 
erystalline compound, the formation of which is attended with *"” 
similar phenomena. 


* See vol. i. p. 192. + Phil. Trans. 1815, p. 204. 
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3. When nitric acid is poured into a concentrated solution 
of iodic acid, white crystals are deposited, having the form of 
rhomboidal plates. When dried they are partly sublimed and 
partly decomposed into oxygen, iodine, and nitric acid. 

4. Boracic acid may be dissolved in concentrated iodic acid 
by the assistance of heat. When the solution is evaporated, a 
solid white substance is obtained, not so easily decomposed 
by heat as iodic acid itself. 

5. Phosphorous acid and oxalic acid dissolve in concen- 
trated iodic acid, but when the solution is heated the iodic acid 
is decomposed, and phosphoric acid or carbonic acid formed. 
Muriatic acid immediately decomposes iodic acid, and chlo- 
riodic acid is formed. 

II. The existence of compounds of iodic acid and salifi- 
able bases, or of iodates, as they are now called, seems to have 
been ascertained about the same time, both by Sir H. Davy 
and by Gay-Lussac; but it was Davy that published the first 
account of them. 

1. Iodate of ammonia. This salt may be obtained by satu- 


rating iodic acid with ammonia. It crystallizes in small grains, 


the form of which has not been ascertained. When thrown 
upon burning coals it detonates with a hissing noise, emitting 
a weak violet light, and giving out vapours of iodine. When 
decomposed by heat, a mixture of azote and oxygen gases are 
evolved.* If we suppose it a compound of 1 atom iodic acid 
+ 1 atom ammonia, its constituents by weight will be 


Todic acid’... 20°625 oes A2Oe 
AMMONIA ss ae SO a ee 10°30 


2. lodate of potash. ‘This salt is easily obtained by dis- 
solving iodine in potash ley. A colourless solution is obtained 
which lets fall a white powder, consisting chiefly of iodate of 
potash. By digesting it in alcohol, the small quantity of hy- 
driodate with which it is mixed may be dissolved away, and 
the iodate obtained in a state of purity. Its crystals are so 
small that their figure has not hitherto been ascertained. 
This salt is not altered by exposure to the air. One hundred 
parts of water at 574° dissolve 7-43 parts of this salt. When 
heated to redness, oxygen gas is disengaged and iodide of 
potassium remains: on burning coals it fuses and deflagrates 
like nitre.+ This salt is composed of 


* Gay-Lussac, Ann. de Chim. xci. 80. + Ibid. 74. 
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3. lodate of soda. This salt may be obtained by the same 
process as the preceding one. It crystallizes in small prisms 
united together in tufts. Gay-Lussac obtained it in small 
cubes. One hundred parts of water at the temperature of 
57° dissolve 7°3 parts of it. When heated sufficiently it gives 
Out 24°45 per cent. of oxygen gas, and iodide of sodium re- 
mains behind. On burning coals it fuses and deflagrates like 
nitre, Like the preceding salt it detonates feebly when mixed 
with sulphur and struck upon an anvil.* It is composed of 


TIodic acid ...... 2O°GZ9 wees cas 100 
PE i ha le ey ok OOO dur.» LQLOO 


When iodine is dissolved in soda lye till the liquid begins 
to become coloured, the solution yields when evaporated fine 
crystals in six-sided prisms terminated by flat hexahedrons 
perpendicular to the axis of the crystal. These crystals are 
very soluble and contain much water of crystallization. Their 
nature has not been determined. Gay-Lussac considers them 
as a subiodate of soda; but this opinion is not very probable. 
A subiodate of soda exists, indeed, but it crystallizes in 
needles. 

4. Iodate of lime. This salt may be obtained by dissolving 
carbonate of lime in iodic acid, or by mixing a salt with base 
of lime and iodate of potash. It is usually in powder; but 
it may be obtained in crystals, by dissolving it in the solution 
of muriate or hydriodaie of lime, Its crystals are small quad- 
rangular prisms. One hundred parts of boiling water dis- 
solve 0:98 of this salt; 100 parts of water at the temperature 
of 645° dissolve 0°22 of it. The phenomena which take place 
when it is exposed to heat are similar to those which appear 
when iodate of potash is heated, excepting only that iodate 
of lime requires a stronger heat to decompose it. Its water 
of crystallization amounts to about 3 per cent. The con- 
stituents of this salt are, 


Todic acid ...., GED. 4 'eth sw i 100 
ce ee eee POs seen REBT 
*“ Gay-Lussac, Ann. de Chim. xci. 74, t Ibid. 84, 
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Book. 5. Jodate of barytes.. This salt is obtained easily by a simi- 
Dwision Jar process as the last. It precipitates in powder and becomes 
Of sper farinaceous in drying. It cannot be deprived of the whole of 

its water by exposure to a temperature equal to that of boiling 
water. When heated sufficiently it is decomposed into oxy- 
gen, iodine, and barytes. One hundred parts of boiling water 
dissolve 0°16 of this salt; 100 parts of water at 634° dissolve 
only 0°03 of it. On burning coals it does not fuse and scarcely 
deflagrates.* Its constituents are, 


Lodtébeichs acini 2BO6 25. wiriinsx LOO 
Barytes .....66. O75 seeeee 47°27 


ofstrontian, 6. lodate of strontian. This salt is obtained in the same 
way as the preceding. It forms small crystals which, when 
viewed by the microscope, appear to be octahedrons. One 
hundred parts of boiling water dissolve 0°73 of this salt; 100 
parts of water at 59° dissolve only 0°24 of it. It contains 
water of crystallization. When exposed to heat it exhibits 
exactly the same phenomena as iodate of barytes.+ Its con- 
stituents are, - 


Lodic acid:.\..065) 2O69S 25005 200 
Strontian at cases Oot) 2:04... d Se 68 


Of sinc, 7. Lodate of xinc. ‘This salt may be formed by dissolving 
carbonate of zinc in lodic acid. It may he procured also by 
mixing with a soluble iodate a solution of sulphate of. zinc, 
not too much concentrated. After an interval of some hours 
the iodate of zinc precipitates in spherical grains. ‘This salt 
is but little soluble in water. It deflagrates on coals, but much 
more feebly than iodate of potash.t 

OF silver, 8. lodate of silver. ‘This salt may be formed by mixing a 

| solution of nitrate of silver with iodate of potash. The iodate 
of silver precipitates. This salt is soluble in ammonia. Hence 
by ammonia we can separate iodide of silver, chloride of 
silver, and iodate of silver from each other. Ammonia dis- 
solves the two last, but does not touch the first of these bodies. 
When sulphurous acid is added to the solution, the iodate of 
silver is changed into iodide, and thus becomes insoluble in 
ammonia; it therefore precipitates, and nothing remains in 
solution but chloride of silver.§ 


* Gay-Lussac, Ann. de Chim. xci. 81. + Ibid. 84. 
t Ibid. 85. § Ibid. 84. 
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9. Nitrate of silver, protonitrate of mercury, persulphate subaiv. nm, 
of iron, nitrate of bismuth, and sulphate of copper, give with °h? "= 
iodate of potash, precipitates which are soluble in acids. Per- 
nitrate of mercury, and sulphate of manganese, are not pre- 
cipitated by this salt.* 

The remaining iodates still continue unknown, not having 
hitherto been examined by chemists. 


SECT. ILI. 
OF CHLORIODIC ACID, 


Tuts acid has been described at sufficient length in a 
former part of this work.{ It does not appear capable of 
combining with bases. Whenever a base was presented to 
it, water was always decomposed, and muriatic acid and iodic 
acid formed. 


CHAP. II. 
OF 10DIDES. 


In the present state of our knowledge of these bodies, I 
thought it better to describe them while treating of their dif- 
ferent bases. An account, therefore, of all of them with which 
we are acquainted will be found in the chapter on simple 
combustibles. 


/ CHAP. III. 
OF ACIDS COMPOSED OF IODINE AND A COMBUSTIBLE. 


WE are acquainted with only one acid formed by the union 
of iodine and a combustible ; namely, hydriodic acid, composed 
of iodine and hydrogen. This acid will constitute the subject 
of the following section. | 


* Gay-Lussac, Ann. de Chim. xci. p. 86. 
t See vol.i. p. 194. 
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SECT. I. 
OF HYDRIODIC ACID. 


Book I. Tus acid seems to have been discovered by M. Clement. 

Division Fe But for the investigation of its properties we are indebted to 
Davy and Gay-Lussac. The easiest method of preparing it 
is to put a quantity of iodine into water, and to cause a current 
of sulphuretted hydrogen gas to pass through the liquid. The 
hydrogen of the gas unites with the iodine while the sulphur 
is precipitated. When the whole of the iodine is dissolved, 
allow the liquid to remain at rest for some time till the sulphur 
is deposited, then decant off the clear liquid. By heating the 
liquid the excess of sulphuretted hydrogen may be driven 
off, and by cautious evaporation it may be considerably con- 
centrated. 

The properties and constitution of hydriodic acid having 
been described in a previous part of this work,* it remains 
for us at present to describe the compounds which it forms by 
uniting with the different bases. ‘The composition of these 
compounds is easily determined by recollecting that the weight 
of an atom of hydriodic acid is 15°75, and that in each com- 
pound this weight of acid unites with the weight of each base 
which is given in the last column of the table, printed in 
vol. i. p. 542 of this work. 

Hydriodate 1. Hydriodate of ammonia. ‘This salt is formed when equal 

ofammonia, volumes of hydriodic acid and ammonaical gas are mixed to- 
gether. The easiest way of obtaining it is to dissolve liquid 
ammonia in hydriodic acid. It crystallizes in cubes. It is 
very soluble in water and deliquesces when exposed to the air. 
It may be sublimed in close vessels without decomposition. 
But in the open air it is partially decomposed when sublimed, 
and it becomes coloured. But it may be rendered colourless 
again by exposure to the open air, or by the addition of a 
little ammonia.t Its constituents are, 


Ea ariodic. acid. ..is :TORES ayia 100 
PAEAOTIS ose 5 o's oe scene oe 13°49 


Ff potash, 9. Hydrivdate of potash. Hydriodic acid dissolves car- 
bonate of potash with effervescence, and the saturated solu- 


* See vol. 1. p..223. + Gay-Lussac, Ann. de Chim. xci, p. 62. 
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tion may be considered as a liquid hydriodate of potash. But subaiv. nm. 
when we attempt to separate it in crystals, it is converted into C2" 
iodide of potassium, and in that state separates in cubes simi- 

lar in appearance to common salt. That this decomposition 
actually takes place is evident from the following experiment 

of Gay-Lussac. He dissolved-a given weight of iodide of 
potassium in water, and then separated it in crystals, the weight 

of the iodide was not altered.* The constituents of this salt 

are as follows: 


Piyariadic acid «4+.,15°75 «0+ +». 100 
Potash oe vee oreo oe 6 oeeees 38°09 


3. Hydriodate of soda. This salt may be formed in the of soda, 
same way as the preceding. It crystallizes in flat rhomboids, 
which uniting together form larger crystals somewhat similar 

_ to those of sulphate of soda. It contains much water of 
crystallization, and notwithstanding is very deliquescent. 
When dried it must be considered as an iodide of sodium.t 
Its constituents are, 


PAVOMIOUIC ACIG ne LOTS 6 a» oe LOO 
OIE a Sia we webs Be) is Ba eet OS 


4, Hydriodate of lime. This salt is obtained in a state of of time, 
purity by saturating hydriodic acid with carbonate of lime. 
It is very soluble in water and very deliquescent. It may be 
dried in the air without undergoing decomposition.t Its con- 
stituents are, 


Ebyderodhe acidi):.'5.. 0.15.75) *6:<'0 4. 100 
BIE LY oe Ldia4 bat EMG lo Se ee err 23°01 


5. Hydriodate of barytes. This salt crystallizes in fine g¢ parytes, 
prisms similar in appearance to muriate of strontian. It is 
very soluble in water and but feebly deliquescent. When long 
exposed to the air, a portion of the hydriodic acid is decom- 
posed and dissipated, carbonate of barytes is formed, and 
hydriodate of barytes coloured by iodine may be dissolved by 
water. In close vessels it may be heated to redness without 
undergoing any alteration. But if air or oxygen gas have 
access to it while red hot, vapours of iodine are exhaled, and 


* Ann. de Chim. xci. p. 54 + Gay-Lussac, p. 55, 
t Ibid. p. 60. 
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Book It. the salt becomes alkaline. By a red heat this salt is converted 


bivsion Tinto iodide of barium.*. Its constituents are, ‘ 
Fivdriodic eid. ..5 15°75 ss. 100 
Daryies oop. ta MT 1D, eens nis p Ol OD 


Ofstrontian, 6, Eydriodate of strontian. ‘This salt is very soluble in 
water. It fuses when heated to a temperature rather below 
redness. This fusion produces little alteration in close ves- 
sels; but in the open air vapours of iodine are exhaled, and 
the salt becomes alkaline. ‘There can be no doubt that by fu- 
sion in close vessels it is converted into iodide of strontium. 
The constituents of this salt are, 


Hydriodic acid .... 15°75 ...... 100 
Reutan "ese ue Oe 41°20 


Of magne- 7. Hydriodate of magnesia. This salt is deliquescent and 

ia crystallizes with difficulty. When heated to redness, out of 
the contact of air, the acid flies off and leaves the magnesia. t 
Its constituents are, 


Flydriodic acid. V5"75 ae ass LOD 
Mine mestas Oe ks eg DPBl ta. Soe eee, 


OF zine. 8. Hydriodate of xinc. This salt is easily obtained by heat- 
ing iodine with an excess of zinc under water. The liquid at 
first acquires a deep brown colour; but if we continue the 
heat, more zinc is dissolved, and the whole becomes at last as 
colourless as water. It cannot be crystallized by evaporation. 
But if it be evaporated to dryness and fused, it crystallizes in 
beautiful prisms similar to those of white oxide of antimony. 
When thus heated, it is converted into iodide of zinc. When 
heated in the open air it is decomposed, the acid is driven off 
under the form of iodine, and oxide of zinc remains.§ The 
constituents of this salt are as follows: 


Hydriodi¢ acid: os} [D5 ions we 600 
Oxide of zinc...... GUD «lea 'as e825 


9. Hydriodate of potash does not precipitate solutions of 
manganese, nickel, or cobalt. Hence the hydriodates of 
these metals are soluble in water. Gay-Lussac is of opinion 
that all the hydriodates of the metals, capable of decomposing 


* Gay-Lussac, Ann. de Chim. xci. p. 57, + Ibid. p. 60. 
t Ibid. p. 63. § Ibid. p. 65. 
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water, possess solubility. But the solutions of the metals, in- subaiv.1v, 


capable of decomposing water, are precipitated by hydriodate 
of soda. 

The precipitate of copper is greyish white; that of lead a 
fine orange yellow ; that of protoxide of mercury greenish yel- 
low; that of peroxide of mercury orange red ; that of silver is: 
white; that of bismuth morone.* ) 


SUBDIVISION IV. 


OF COMPOUNDS OF FLUORINE WITH SUPPORTERS AND COM- 
BUSTIBLES. 


Fivuorrve not having been hitherto obtained in an uncom- 
bined state, we are much less perfectly acquainted with the 
compounds which it is capable of forming with other bodies, 
than with similar combinations of chlorine or even of iodine. 
We do not know whether it be capable of uniting with the 
other supporters of combustion, and of forming acids with 
them, as is the case with oxygen, chlorine, and iodine. 
Analogy leads us to suppose that such a class of bodies as 
fluorides must exist, though hitherto not one of them has been 
formed and examined. We know, at present, only three 
compounds of fluorine and three combustible bodies, all of 
which possess acid properties. This subdivision then will con- 
tain, in the present state of our knowledge, only one chapter. 


CHAP «A; 
OF ACIDS COMPOSED OF FLUORINE AND A COMBUSTIBLE. 


Tus three combustible bodies with which fluorine combines 
are, hydrogen, Loron, and silicon, and united with each it con- 
stitutes a powerful acid. These acids are the jluoric, the fluo- 
boric, and the fluosilicic. They will constitute the subject of 
the three following sections. 


Gay-Lussac, Ann. de Chim, xci. p. 66. 


Chap. I 
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SECT. I. 


OF FLUORIC ACID. 


Bo k IY. 2 ° ° ° 
Division. | HE mineral called fluor or fusible spar, and in this country 


uma” Derbyshire Spar, was not properly distinguished from other 
spars till Margraff published a dissertation on it in the Berlin 
Transactions for 1768. He first proved that it contained no 
sulphuric acid as had been formerly supposed; he then at- 
tempted to decompose it by mixing together equal quantities 
of this mineral and sulphuric acid, and distilling them. By 
this method he obtained a white sublimate, which he supposed 
to be the fluor itself volatilized by the acid. He observed 
with astonishment that the glass retort was corroded, and even 
pierced with holes. Nothing more was known concerning 
fluor till Scheele published his experiments three years after; 
by which he proved that it is composed chiefly of lime and a 
particular acid, which has been called Jluoric acid. 

As Scheele always employed glass vessels in his experiments, 
he obtained not flworic acid, but Huosilicic acid. It was this 
last acid, likewise, that Dr. Priestley investigated in the gase- 
ous state. Real fluoric acid remained unknown till its pro- 
perties were investigated by Gay-Lussac and Th enard, in1808.* 
The subject was resumed by Dr. John Davy, who added some 
important facts in 1812.; Sir H. Davy examined it in 1813 
with much sagacity, in order to verity, if possible, the hypo- 
thesis of Ampere, respecting its nature.t 

In a former part of this work I have described the method 
of obtaining this acid in a state of purity, given an account 
of its properties, and stated the reasons for considering it as 
a compound of 1 atom fluorine and 1 atom of hydrogen. It 
remains for us, in this place, to give an account of the com- 
pounds which fluoric acid makes with the different bases. 
None of these fluates, as they are called, have been hitherto 
analyzed; but an idea may be formed of their constitution 
by considering the weight of an atom of fluoric acid to be 
2°125, and by supposing the fluates compounds of 1 atom 
fluoric acid and 1 atom of each of the different salifiable 
bases. 


* Recherches Physico-chimiques, ii, p: 4. 
+ Phil. Trans. 1812, p. 352. + Ibid. 1813, p. 263. 
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1, Fluate of ammonia. ‘This salt may be formed by satu- pares 
rating pure fluoric acid with ammonia. While in a liquid state, fee ay 
it is elena: but when evaporated, it becomes acid in conse- pa seed 
quence of the escape of a portion of the ammonia. It does 
not crystallize, but when heated may be volatilized in thick 
white vapours. It precipitates the solutions of all the alkaline 
earths, and earths proper, in acids, because fluoric acid forms 
insoluble compounds with all the earths.* 

2. Fluate of potash. When pure potash is poured into flu- Of potest, 

oric acid, a combination takes place with the evolution of much 
heat. ‘This salt has a very sharp taste, crystallizes with diffi- 
culty, is very deliquescent, and of course very soluble in water. 
When heated it undergoes first the aqueous, and then the ig- 
neous fusion. Sulphuric acid decomposes it, driving off fluo- 
ric acid in vapour. All the earthy salts precipitate its acid in 
combination with their bases.+ 

3. Fluate of soda. ‘This salt may be formed by the same pro- Of sods, 
cess as the preceding. It has much less taste than fluate of 
potash. When heated it decrepitates and undergoes the ig- 
neous fusion. It is not altered by exposure to aie air. It is 
rather more soluble in hot than in cold water. It separates on 
cooling in small crystals, or more frequently forms a solid and 
transparent crust on the surface of the water. It is decom- 
posed by the earthy salts and by sulphuric acid precisely like 
fluate of potash. 

4, Fluate of lime. This salt exists abundantly native. It of time. 
is from it indeed that fluoric acid is always extracted. 

It is found frequently crystallized. ‘The primitive form of 
its crystals, according to Hauy, is the octahedron, but it occurs 
more frequently in cubes; sometimes the angles, and sometimes 
the edges of these cubes, are truncated. ‘The form of its in- 
tegrant particles is the regular tetrahedron. 

This salt has no taste. Its specific gravity is 3°15. It is in- 
soluble in water, and not altered by exposure to the air. 

When heated, it decrepitates and phosphoresces strongly in Phospho- 
the dark. It emits this light even under water, or in the va- waiigs 
cuum of an air pump. When kept hot for some time, it ceases 
to shine, and the phosphorescent property cannot be again re- 
stored to it by any process known, except by decomposing it 
altogether by means of sulphuric acid, and forming it anew. 


* Gay-Lussac and Thenard, Recherches Physico-chimiques, 11. p. 23. 
+ Ibid. p. 18. { Ibid. p. 21. 
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Of barytes. 


Of magne= 
sia, 


Of yttria, 
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Scheele ascertained that new-formed fluate of lime is equally 
phosphorescent with native. ‘The cause of this curious pro- 
perty is not well understood. After being heated, the salt, 
though it refuses to phosphoresce any more, has not lost any 
perceptible weight, nor is it altered in any of its other quali- 
ties. When strongly heated, fluate of lime melts into a trans- 
parent glass. According to Saussure, this takes place at the 
temperature of 51° Wedgewood.* 

We must consider this compound as in reality a fluoride of 
calcium, or a compound of fluorine and calcium. According 
to Davy’s analysis corrected by the hypothesis of its being a 
fluoride, its constitution is 


Flporne? 2-2 SO TOO 
Calciany . st) aeagy Oe 131°25 


5. Fluate of barytes. This salt is easily obtained by drop- 
ping fluoric acid into barytes water. White flocks precipitate, 
which constitute the fluate in question. It is tasteless, inso- 
luble in water; but soluble in an excess of fluoric acid, and 
likewise in nitric and muriatic acid.+ There can be little 
doubt that this compound is in reality a fluoride of barium. 
On that supposition it will be composed of 


Fluorine... So. 2 Recep 6. (5 
Bartum =. 3... 8°75 eels sr ap tata 1 


6. Fluate of strontian. This salt may be formed in the same 
way as the preceding, and possesses the very same properties. 
It isa white powder, insoluble in water, but soluble in fluoric 
acid, and likewise in nitric and muriatic acids.t 

7. Fluate of magnesia. Carbonate of magnesia dissolves with 
effervescence in fluoric acid: The fluate is a tasteless white 
powder, insoluble in water, and scarcely soluble in acids. When 
this salt is formed by pouring fluate of potash into sulphate of 
magnesia, it precipitates at first in a gelatinous form, and is 
then soluble in acids; but as soon as it dries it becomes inso- 
Juble in these bodies. § 

8. Fluate of yttria. This salt may be formed by dropping 
fluate of potash into muriate of yttria. It is a white tasteless 
powder, totally insoluble in water. || 


* Jour. de Phys. xlv. 16. 
+ Gay-Lussac and Thenard; Recherches Physico-chimiques, ii. 24. 
t Ibid. ii. 25, § Ibid. p. 26. || Ibid. p. 29. 
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. 9. Fluate of glucina. This salt may be formed in the same Subatv. tv. 
way as the preceding. A jelly precipitates, which dissolves aoe 
hot-water, and precipitates in small crystals as the liquid cools,* Of stamina 
10. Fluate of alumina. This salt may be obtained by pour- 
ing fluate of potash into a solution of alum. Fluate of alu- 
mina precipitates in a white powder. It is insoluble in water, 
but soluble in an excess of acid. After being well dried the 
acids attack it with difficulty. 
11. Soda-fluate of alumina. 'This curious compound has Cryolite. 
been found native in Greenland, and described by minera- 
logists under the name of cryolite. It has the appearance of 
a stone. 
Its colour is greyish white; it has some transparency ; when 
broken its fragments are cubical. It is softer than fluor spar, 
brittle, and of the specific gravity 2°950. Before the blow- 
pipe it melts. According to the analyses of Klaproth and 
Vauquelin it is composed of : 


Acieanag water... Fo 40 6 re BT 
MOGH tee een 3 OPC ens on Oo 
Aire ao See eee 


100 100§ 


12. Fluate of zirconia. ‘This salt may be obtained by drop- Fiuate or 
ping fluate of potash into muriate of zirconia. It is a white Mone 
insoluble powder similar to the other earthy fluates.| 

It is exceedingly probable that all these earthy fluates are in 
reality fluorides, or combinations of fluorine with the metallic 
bases of the earths. | 

13. Fluate of iron. Fluoric acid dissolves iron but very or iron, 
slowly, no doubt in consequence of the insoluble nature of the 
fluate of iron. This salt may be easily obtained by mixing 
fluate of potash and sulphate of iron. ‘The fluate precipitates 
in the state of a white tasteless insoluble powder.** 

14. Fluate of cobalt, Oxide of cobalt may be readily dis- of cobait, 
solved in fluoric acid. The salt has a red colour and contains 
an excess of acid. When evaporated it deposites small red 
crystals which are less acid than the solution. When these 


* Gay-Lussac and Thenard; Recherches Physico-chimiques, Il. poses 
+ Ibid. { Klaproth’s Beitrage, i. 214. 

§ Vauquelin, Haiiy’s Min. 11. 400. 

|| Gay-Lussac and Thenard; Recherches Physico-chimiques, 11. 29. 
** Thid. p. 30. 
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Book If. acids are treated with water they are divided into two distinct 

Division I. ° ; ° ; 
salts, a superfiuate which dissolves, and a fluate which remains 
in the state of a red powder.* 

cee = «1.5. Fluate of manganese. This salt is easily obtained by 

ints pouring fluate of potash into the sulphate or muriate of man- 
ganese. The fluate precipitates in a white powder, insoluble 
in water, but soluble in acids.+ 

Of zine, 16. Fluate of zinc. Zinc dissolves readily in diluted fluoric 
acid. Afier a certain time the fluate precipitates in gelatinous 
flocks. It is white, tasteless, and insoluble in water. It is 
easily obtained by mixing fluate of potash with sulphate of 
zinc.{ 

Of lead, 17. Fluate of lead. Fluoric acid has no sensible action on 
lead. But when the acid is dropped into a solution of acetate 
of lead, fluate of lead precipitates in brilliant plates. It acts 
feebly as an acid on paper stained with litmus. It is insoluble 
in water, but very soluble in nitric, muriatic, and fluoric acids, 
It melts when heated to redness, and becomes yellow, losing a 
portion of its acid. Sulphuric acid decomposes it, disengaging 
vapours of fluoric acid.§ 

OF tin, 18. Fluate of tin. Fluoric acid does not act upon tin, even 
when assisted by heat, at least when diluted with water. It 
readily dissolves peroxide of tin, provided there be a consider- 
able excess of acid. When the solution is concentrated, it 
becomes opaque in consequence of the separation of fluate of 
tin. The addition of water re-dissolves the fluate almost com- 
pletely. But when the solution is evaporated to dryness, the 
fluate of tin remains and is insoluble in water. || 

Of copper, 19, Fluate of copper. Fluoric acid does not attack copper, 
but it readily dissolves the peroxide, provided there be an ex- 
cess of acid. When the liquid is evaporated, small blue-co- 
Joured crystals are deposited. Sulphate of copper is not pre- 
cipitated by fluate of potash, unless it constitute a concentrated 
solution.** 

Of mercury, 20. Fluate of mercury. Iluoric acid does not act upon mer- 
cury; but it unites with the red oxide of mercury by means of 
heat, and dissolves a portion of it. When the solution is eva- 
porated it deposites small lamellar yellow crystals. They con- 
tain an excess of acid, and by repeated affusions of water al- 


* Gay-Lussac and Thenard; Recherches Physico-chimiques, ui63, 
+ Ibid. p. 31. _ f Ibid. p. 29. § Ibid. p. 34. 
{| Ibid. p. 81, ** Abid, ip. 32. 
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most all the acid may be washed away, and the red oxide of subaiv.1v. 
mercury left behind.* te 
21. Fluate of silver. Fluoric acid readily dissolves the oxide of sitver. 
of silver. The fluate has a strong metallic taste, is very solu- 
ble in water, and does not crystallize. Itis not volatile. When 
heated it melts, loses its excess of acid, but still continues solu- 
ble in water. It blackens the fingers. It is precipitated by 
muriatic acid. All the bases precipitate the fluoric acid from 
it except ammonia. ‘This salt cannot be formed by the direct 
action of fluoric acid on silver. But it is formed when fluate 
of mercury is made to act upon silver. Fluate of potash does 
not occasion a precipitate in nitrate of silver.+ 
‘The remaining fluates are still unknown. 


SECT. IT. 
FLUOBORIC ACID. 


Tuis acid was discovered by Gay-Lussac and ‘Thenard ; but 
it was Sir H. Davy that first explained its real nature and com- 
position. I have given an account of the mode of obtaining 
this acid, and described its properties in a preceding part of 
this work.{ 

When seta deri or sodium is heated in fluoboric acid gas, the Compos- 
fluorine combines with the alkaline metal, and converts it into “” 
a fluoride, while the boron is separated. But the boron being 
intermixed with the solid fluoride prevents us from recognising 
its properties. The fluoride when dissolved in water is con- 
verted into fluate of potash or soda, while the boron is disen- 
gaged in the form of a powder.§ I consider this experiment 
as affording a satisfactory proot that fluoboric acid is in reality 
a Bempound of fluorine and boron. If we suppose it to con- 
tain an atom of each constituent, its composition will be 


Fluorine.....2 «2d OO . 228°57 
i S10 we utr "5. 100 


_ TL ought here to describe the Pry Ale formed by the union 
_ of fluoboric acid with the salifiable bases, compounds to which 
the name of flwolorates has been given. But none of these 


* Gay-Lussac and Thenard; Recherches Physico-chimiques, ii. 35. 
+ Ibid. p. 33. { See vol. 1. p. 244. 
§ Gay-Lussac and Thenard; Recherches Physico-chimiques, ii, 45, 
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salts has been hitherto examined, except the fluoborate of am- 


LH monia, first formed by Gay-Lussac and Thenard, and after- 


Fluoborate 


wards more carefully studied by Dr. John Davy. 
Fluoboric acid and ammonia unite in three pr ABricntl the 


ofammoniae Gost salt is a compound of 1 volume fluoboric acid gas, and 1 


volume ammoniacal gas. Henceits constituents by weight are 


Fluoboric acid .. 72°312 .... 8°536 
JAUIDOBAG .¢s occ LOOO. aves oO 


The second salt is a compound of 1 volume fluoboric acid 4 
2 volumes ammoniacal gas. Hence its constituents are 


Fluoboric acid .. 72°312 .... 4°268 
Ammonia...... 36°000 .... 2°125 


The third salt is a compound of 1 volume fluoboric acid + 
3 volumes ammoniacal gas. Hence its constituents are 


Fluoboric acid .. 72°312 ..... 2°845 
Ammonia...... 54°000 .... 2°195 


If fluoboric acid be a compound of 1 atom fluorine, and one 
atom boron, the weight of an atom of it would be only 2°875. 


On this supposition the third salt would be a compound of 1 


atom acid + 1 atom ammonia. But this supposition is not 
very probable. It would indicate an uncommon condensation 
in fluoboric acid gas. 

The first of tists fluoborates of ammonia is a solid opaque 


substance, similar to the other ammoniacal salts. The second 


and third of them are liquids though they contain no water. 
The first may be volatilized in pf vessels by the application 
of a gentle heat. The second and third when exposed to the 
simgenhare gradually give out ammonia, and are converted 
into the first kind.* 


SECT. ITI. 


OF FLUOSILICIC ACID. 


Tus was the acid discovered by Scheele, and afterwards 
examined in the gaseous state by Dr. Priestley. I adopt the 
opinion of Sir H. Davy that it is acompound of fluorine and 
silicon; which I think corresponds much better with the phe- 


* John Dayy ; Phil. Trans. 1812,-p. 368. 
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nomena than the commonly received opinion, that it is a solu- Subdiv. tv. 
tion of silica in fluoric acid. An account of the properties of reine 
this acid has been given in a preceding chapter of this work.* 

It now remains only to describe the compounds which it forms 

with the different salifiable bases. 

1. Fluosilicate of ammonia. ‘This salt is easily obtained by riuositicate 
mixing its two constituents in the gaseous state. One volume **"™"™ 
of fluosilicic acid condenses two volumes of ammoniacal gas. 

Hence it is composed by weight of 


Fluosilicic acid .. 108°992 .... 6°433 
AYO... so: - $36 Apple eg Was 


This seems to indicate a compound of 2 atoms fluosilicic 
acid with 1 atom of ammonia. But the data upon which the 
weight of an atom of fluosilicic acid is founded, are too imperfect 
to entitle us to put much stress on any such determinations. 

Fluosilicate of ammonia is a white powder, which may be 
sublimed by a moderate heat in dry vessels. It is decomposed 
by the contact of water, part of the silicon being precipitated 
in the state of silica. 

We are not acquainted with any other pure fluosilicates ex- 

- cept that of ammonia. All those which I am going to describe 
are formed by the union of the salifiable bases to the acid dis- 
solved in water, and of course deprived of about one-third of 
its silicon. It is probable that this acid is a compound of 2 
atoms silicon and 2 atoms fluorine. But the subject is still so 
obscure that nothing better than conjecture respecting it can 
be offered. 

2. Fluosilicate of potash. If into fluosilicic acid dissolved in gf potash 
water a quantity of potash, or the carbonate, sulphate, nitrate, 
or muriate of that alkali, be dropped, a gelatinous precipitate 
immediately appears, which, when dried, becomes white like 
chalk, and separates into small loose grains like the sand of an 
hour-glass. This powder is a combination of fluosilicic acid 
and potash. Its nature was first ascertained by Scheele. 

It has an acid taste, and is soluble in about 150 parts of 
boiling water; but is again partly deposited as the solution 
cools. When strongly heated, it melts into a transparent glass, 
and loses its acid.+ 


Gay-Lussac and Thenard have likewise described this salt ; 


* See vol. 1. p. 252. 
+ Scheele, Crell’s Annals, 1. 214. Eng. Trans. 
t Recherches Physieo-chimiques;.ii. 19. 
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but they do not seem to have been aware that it had been al- 
ready examined by Scheele. "When heated to redness, fluosi- 
licic acid is disengaged. It is decomposed with effervescence 
by sulphuric acid. It always reddens vegetable blues, and is 
not deprived of this property though kept for many hours in 
contact with potash, soda, or ammonia. But when heat is ap- 
plied, potash or soda lye dissolve this salt completely.* 

3. Eluosilicate of soda. Scheele affirms that this salt may 
be formed in the same way as the preceding, and that it pos- 
sesses exactly the same properties.f Gay-Lussac and The- 
nard were able only to procure common fluate of soda.t I am 
inclined to the opinion that Scheele’s experiments are correct. 

4. Fluosilicate of lime. ‘This salt is very common, native, 
and has not been hitherto distinguished from fluor spar. It 
may be easily recognized by reducing a little of it to powder, 
and heating it in metallic vessels with sulphuric acid, as it yields 
fluosilicic acid gas, which pure fluor spar does not. 

5. Fluosilicate of barytes. When nitrate or muriate of ba- 
rytes is poured into fluosilicic acid no immediate change takes 
place; but, after an interval of some minutes, the mixture be- 
comes opaque, and a number of small hard crystals are depo- 
sited, which are insoluble in water, and in nitric and muriatic 
acid, and which are not altered when strongly heated with lamp 
black. These crystals are fluosilicate of barytes.§ 

The remaining fluosilicates still continue unknown, no at- 
tempt having been hitherto made to examine them. 


SUBDIVISION V. 


OF COMFOUNDS OF CYANOGEN WITH SUPPORTERS AND 
COMBUSTIBLES. 


CyanoceEn differs from the simple supporters of combustion 
in being a compound of 2 atoms carbon and 1 atom azote, and 
in being itself combustible, in consequence of the carbon which 
it contains. But it possesses a striking analogy with these bo- 
dies in being capable of uniting with certain supporters and 


* Gay-Lussac and Thenard ; Recherches Physico-chimiques, li. 19. 
+ Memoires de Chimie, 1, 27. { Recherches Phys. Chim. il. 21. 
§ Gay-Lussac and Thenard, ibid. p. 25. 
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combustible bodies without undergoing decomposition, and of subaiv. v. 


forming with them compounds possessed of very remarkable 
properties. In consequence of this analogy I have placed these 
compounds as a sequel to those consisting of the simple sup- 
porters united to combustibles. The compounds of cyanogen 
and combustibles are probably numerous. Some of them are 
analogous to oxides, and on that account may be distinguished 
by the name of cyanodides. But those which deserve the great- 
est attention, in the present state of our knowledge, possess 
acid properties. I shall satisfy myself with describing them ; 
and I shall notice, while giving an account of them, the few 
cyanodides with which we are at present acquainted. - This 
subdivision, therefore, will be divided into two chapters. In 
the first I shall treat of the compounds of cyanogen with sup- 


porters; in the second, of the acid compounds of cyanogen 
with combustibles. 


CHAP. I. 
OF COMPOUNDS OF CYANOGEN AND SUPPORTERS. 


Cyanocen has been described in a preceding part of this 
work.* At present we know only of one supporter with which 
it is capable of combining, without undergoing decomposition. 
This supporter is chlorine. The compound which it forms with 
this supporter has received the name of chlorocyanic acid. It 
will occupy our attention in the following section. 


SECT. I. 


OF CHLOROCYANIC ACID. 


Tus acid was first recognised to exist by Berthollet, who 
gave it the name of oxyprussic acid. Its real nature was first 
ascertained by Gay-Lussac, in the year 1815.+ He gave it 
the name of chlorocyanic acid. 


Chap. I. 


4 


He prepared this acid by passing a current of chlorine @aS Prepara- 
through a solution of hydrocyanic acid in water till the liquid “™ 


discoloured indigo dissolyed in sulphuric acid. He then de- 
prived it of the excess of chlorine which it contained by agi- 


* See vo. i. p. 235. + Ann. de Chim, xcy. 136, 
VOL. II, U 
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tating it with mercury. To separate chlorocyanic acid from 


Divisione oy «7; quid, he took a glass cylinder, filled it two-thirds full of 


Properties. 


Composi- 
tion. 


mercury ; it was then filled to the brim with the hydrocyanic 
acid, saturated with chlorine, and inverted into a bason of 
mercury. This bason, with the cylinder in it, was put under 
the receiver of an air-pump, and the air of the receiver drawn 
out till the whole of the mercury, and even of the liquid, was 
displaced, and the cylinder filled with chlorocyanic acid in the 
state of an elastic vapour. On letting the air into the receiver, 
the vapour was condensed into a liquid, and the mercury again 
made its way into the cylinder. Chlorocyanic acid, thus ob- 
tained, possesses the following properties : 

It is a colourless liquid, having a very strong and peculiar 
odour, so that a very small quantity of it irritates the pituitary 
membrane, and occasions tears. It reddens infusion of litmus, 
is not inflammable, and does not detonate when mixed with 
twice its weight of oxygen, or with hydrogen. Its specific 
gravity, in a state of vapour, determined by calculation, is 
9°152. Its solution, in water, does not precipitate nitrate of 
silver, nor barytes water. The alkalies absorb it rapidly, but 
an excess of them is required to destroy its odour completely. 
If ‘an acid be added to this solution, a strong effervescence 
takes place, carbonic acid is emitted, and if an excess of Inne 
be mixed with the acid solution the odour of ammonia becomes 
perceptible. ‘Thus the chlorocyanic acid is decomposed, and 
carbonic acid, muriatic acid, and ammonia, formed in its place. 
Gay-Lussac has shown that a volume of chlorocyanic acid, de- 
composed in this manner, produces 


1 volume of muriatic acid 
1 volume of carbonic acid 
1 volume of ammoniacal gas. 


Hence it follows that its elements are 


2 volumes carbon 
1 volume azote 
1 volume chlorine. 


Now, 2 volumes carbon + 1 volume azote, condensed into 
4 volume, constitute cyanogen. And Gay-Lussac has shown, 
that when the chlorine of chlorocyanic acid is absorbed by an- 
timony, it loses one half of its bulk. Hence it follows that 
chlorocyanic acid is a compound of 1 volume of cyanogen + 
1 volume of chlorine, united together without any change of © 
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bulk. Of course its specific gravity must be the mean between subdis. v. 


the density of chlorine gas and cyanogen gas, and this is the 
specific gravity assigned above. Chlorocyanic acid, then, is a 
compound of 1 atom cyanogen + 1 atom chlorine; or it con- 
sists, by weight, of 

Cyamogene!.. 2s°3'250). Jessa 100 

Chiorine 2... 45 — .4.... 138°46 


Chlorocyanic acid may be obtained mixed with carbonic acid 
(which gives it a gaseous state) when hydrocyanic acid, satu- 
rated with chlorine, is distilled.* 

This acid has the property of throwing down iron from its 
_ solutions, of a green colour. The method of proceeding is to 
pour chlorocyanic acid into a solution of iron, to this mixture 
a little potash is added, and, finally, a little acid, which pro- 
duces the precipitation of the iron. This property was recog- 
nized by Berthollet. It was it that induced him to consider 
chlorocyanic acid as a peculiar body. 

The compounds which this acid forms with bases would re- 
ceive the name of chlorocyanates. From the facts above stated, 
it appears that they possess but little permanence. 


CHAP. II. 
OF ACID COMPOUNDS OF CYANOGEN AND COMBUSTIBLES. 


CyanoGEn is capable of combining with hydrogen, sulphur, 
and iron, and _of forming acids with each of these bodies. They 
have received the names of hydrocyanic acid, sulphochyaxic 
acid, and ferrochyaxic acid. These acids will occupy our at- 
tention in the three following sections. 


SECT. I. 


OF HYDROCYANIC OR PRUSSIC ACID. 


Chap. If. 


WE are indebted to an accident for our knowledge of this nistory. 


important substance. About the year 1710 Diesbach, a pre- 
parer of colours in Berlin, wishing to prepare some lake by 


* Gay-Lussac; Ann. de Chim. xev. 200. 
wy 2 
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precipitating a decoction of cochineal, alum, and green vitriol, 


Ci. — with potash, borrowed some alkali for that purpose from Dip- 


Prepara- 
tion. 


pel. This chemist was the discoverer of a peculiar animal oil 
which goes by his name. He prepared it from blood ; and the 
alkali with which he furnished Diesbach had been employed 
in the process. Instead of the red precipitate which he ex~ 
pected, a beautiful blue powder fell to the bottom. On men- 
tioning the circumstance to Dippel, that chemist ascribed the 
formation of the powder to the action of his alkali on the alum 
and vitriol. It is not unlikely that he had calcined the potash 
together with a portion of blood. Be that as it may, he suc- 
ceeded in discovering a method of procuring the blue powder 
at pleasure, and it was announced as a pigment in the Berlin 
Miscellanies for 1710. The preceding history, however, was 
only communicated to the public by Stahl 20 years after.* 
This powder was called Prussian blue; and the method of 
procuring it remained concealed, because it had become a lu- 
crative article of commerce, till Dr. Woodward published a 
process in the Philosophical Transactions for 1724, which he 
had procured, as he informs us, from one of his friends in Ger- 
many. This method was as follows: Detonate together four 
ounces of nitre and as much tartar, in order to procure an ex- 
temporaneous alkali; then add four ounces of dried bullock’s 
blood; mix the ingredients well together, and put them into 
a crucible covered with a lid, in which there is a small hole; 
calcine with a moderate fire till the blood emits no more smoke 
or flame capable of blackening any white body exposed to it ; 
increase the fire towards the end, so that the whole matter con- 


tained in the crucible shall be moderately but sensibly red. In. 


this state throw it into four pounds of water, and boil it for 


half an hour. Decant off this water, and continue to pour on’ 


more till it come off insipid. Add all these liquids together, 


and boil them down to. four pounds. Dissolve an ounce of | 


sulphate of iron in half a pound of water, and eight ounces 


of alum in four pounds of boiling water : mix all the three | 


solutions together while boiling hot. An effervescence takes 
place, and a powder is precipitated of a green colour. Sepa- 


rate this precipitate by filtration, and pour muriatic acid upon | 
it till it becomes of a beautiful blue; then wash it with water 


and dry it. 
* Stahl’s Experiments, Observat. Animadvers. ccc. numero. Chim. et Phys. 


p. 281. 
+ Phil. Trans. xxxiil. 15. 
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Different explanations were given of the nature of this pre- Subdiv. v. 
cipitate by different chemists. Mr. Brown immediately re- scoala 
peated the process of Woodward, ascertained that other ani- 
mal substances, as leef, may be substituted for blood; that the 
alum is useful only to dilute the colour; and that the blue pig- 
ment is produced by the action of the alkaii (altered by blood) 
on the iron of the vitriol. He ascertained, too, that prussian 
blue is insoluble in muriatic acid, and that the green colour is 
owing to a mixture of prussian blue and oxide of iron, and 
that the muriatic acid developes the blue colour by dissolving 
the oxide of iron.* 

These facts were of considerable importance; but they threw 
no light upon the theory of the process. An explanation of 
this was first attempted by Geoffroy, who had ascertained that 
any animal body whatever might be substituted for blood. Ac- 
cording to him, the blood communicates a portion of inflam- 
mable matter, or phlogiston, to the alkali, and this inflamma- 
ble matter revives the iron of the vitriol and brings it to the 
metallic state. A greater quantity of blood, by increasing the 
inflammable matter, will enable the alkali to revive still more 
of the iron, and thus to strike a blue at once, instead of a 
green.| Though this explanation was approved of at the time 
by the best chemists, it was far from satisfactory. Macquer 
soon after proceeded, by way of experiment, and added a new 
step to the facts ascertained by Brown. 

That celebrated chemist ascertained the following facts: 1. Experi. 
When an alkali is added to a solution of iron in any acid, the wasauer. 
iron is precipitated of a yellow colour, and soluble in acids; 
but if iron be precipitated from an acid by an alkali prepared 
by calcination with blood (which has been called a prussian 
alkali), it is of a green colour. 2. Acids dissolve only a part 
of this precipitate, and leave behind an insoluble powder which 
is of an intense blue colour. The green precipitate therefore 
is composed of two different substances, one of which is prus- 
sian blue. 3. The other is the yellow oxide of iron ; and the 
green colour is owing to the mixture of the blue and yellow 
substances. 4. When heat is applied to this prussian blue, its 
blue colour is destroyed, and it becomes exactly similar to 
common oxide of iron. It is composed therefore of iron and 
some other substance, which heat has the property of driving 


* Phil. Trans. 1724. xxxiii. 17. + Mem. Par. 1725. 
$ Lewis’s Neuman’s Chem. p. 72. 
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off. 5. If it be boiled with a pure alkali, it loses its blue co- 
lour also, and at the same time the alkali acquires the property 
of precipitating of a blue colour solutions of iron in acids, or 
it has become precisely the same with the prussian alkali. 6, 
Prussian blue, therefore, is composed of iron and something 
which a pure alkali can separate from it, something which has 
a greater affinity for alkali than for iron. 7. By boiling a 
quantity of alkali with prussian blue, it may be completely sa- 
turated with this something, which may be called colouring 
matter, and then possesses the properties of a neutral salt. 8, 
No acid can separate this colouriug matter from iron after it is 
once united with it. 9. When iron dissolved in an acid is 
mixed with an alkali saturated with the colouring matter, a 
double decomposition takes place; the acid unites with the al- 
kali, and the colouring matter with the iron, and forms prus- 
sian blue. 10. The reason that, in the common method of 
preparing prussian blue, a quantity of yellow oxide is preci- 
pitated, is, that there is not a sufficient quantity of colouring 
matter (for the alkali is never saturated with it) to saturate all 
the iron displaced by the alkali; a part of it therefore is mixed 
with prussian blue. Muriatic acid dissolves this oxide, carries 
it off, and leaves the blue in a state of purity.—Such were the 
conclusions which Macquer drew from his experiments; ex. 
periments which not only discovered the composition of prus- 
sian blue, but threw a ray of light on the nature of affinities, 
which has contributed much towards the advancement of that 
important branch of chemistry. 

The nature of the colouring matter, however, was still un- 
known. Macquer supposed it to be phlogiston. According 
to him, prussian blue is nothing else than iron supersaturated 
with phlogiston. ‘This overdose protects the iron from acids, 
and prevents the magnet from acting on it. Heat drives off 
this dose, and Jeaves the prussian blue in the state of common 
iron.* From this theory, which differed but little from that of 
Geoffroy, the alkali saturated with the colouring matter of 
prussian blue received the name of phlogisticated alkali. Mac- 
quer having observed that it did not act on alkaline and earthy 
solutions, while it precipitated all the metals, proposed it as an 
excellent test for detecting the presence of these last bodies. 

The subsequent experiments of chemists threw an air of sus- 
picion on Macquer’s theory. Baumé ascertained, that when 


* See Macquer’s Dictionary, i. 177. 
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prussian blue is distilled, it always yields a portion of animal 
oil;* a product not very likely to appear if the powder con- 
tained nothing but phlogiston and iron. Deyeux and Par- 
mentier, Bergman, Erxleben, Delius, and Scopoli, submitted 
prussian blue to distillation, and obtained a quantity of am- 
monia. Fontana ascertained that prussian blue detonated with 
nitre. Landriani obtained, by distillation, a little acid liquid 
and oil, anda great quantity of azotic gas and carburetted hy- 
drogen gas. These facts were still more inconsistent, if pos- 
sible, with Macquer’s theory. Morveau advanced another in 
1772; namely, that the phlogisticated alkali, besides phlogis- 
ton, contained also an acid which acted the principal part in 
the phenomena produced.+ Sage affirmed that the colouring 
matter in phlogisticated alkali was phosphoric acid; but this 
opinion was refuted by Lavoisier. Bergman also announced 
his suspicions that it was an acid, but an unknown one.§ 

Such was the knowledge of chemists respecting the nature 
of this colouring matter, when Scheele all at once removed the 
veil, and explained its properties and composition. This he 
performed in two dissertations on prussian blue, published in 
the Stockholm Transactions for 1782 and 1783. || 

He observed that the prussian alkali, after being exposed for 
some time to the air, lost the property of forming prussian blue ; 
the colouring matter must therefore have left it. 

He put a small quantity of it into a large glass globe, corked 
it up, and kept it some time; but no change was produced 
either in the air or the prussian alkali. Something must there- 
fore displace the colouring matter when the alkali is exposed 
to the open air, which is not present in a glass vessel. Was it 
carbonic acid gas? To ascertain this, he put a quantity of 
prussian alkali into a glass globe filled with that gas, and in 24 
hours the alkali was incapable of producing prussian blue. It 
is therefore carbonic acid gas which displaces the colouring 
matter. He repeated this experiment with this difference, that 
he hung in the globe a bit of paper which had been previously 
dipped into a solution of sulphate of iron, and on which he 
had let fall two drops of an alkaline lixivium in order to pre~ 
cipitate the iron. This paper was taken out in two hours, and 
became covered with a fine blue on adding a little muriatic 


* Baumé’s Chemistry, 11. 601, + Digressions Academiques, p. 249. 


t Mem. Par. 1777, p. 77. § Notes on Scheffer, § 165. 
|| Scheele, 1. 141. 
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peek acid. Carbonic acid, then, has the property of separating the 
—“— colouring matter from alkali without decomposing it. 

He found also that other acids produce the same effect, 

Hence he concluded that the colouring matter might be ob- 

tained in a separate state. Accordingly he made a great many 

attempts to procure it in that state, and at last hit upon the 


following method, which succeeds perfectly. 


Prepara- Mix together 10 parts of prussian blue in powder, 5 parts of | 


tion. 


the red oxide of mercury, and 30 parts of water, and boil the 
mixture for some minutes in a glass vessel. The blue colour 
disappears, and the mixture becomes yellowish green. Pour 
it upon a filter; and after all the liquid part has passed, pour 
10 parts of hot water through the filter to wash the residuum 
completely. The oxide of mercury decomposes prussian blue, 
separates its colouring matter, and forms with it a salt soluble 
in water. The liquid therefore which has passed through the 
filter contains the colouring matter combined with mercury. 
The other component parts of the prussian blue being inso- 
luble, do not pass through the filter. Pour this mercurial li- 
quid upon 2+ parts of clean iron filings, quite free from rust. 
Add at the same time 1 part of concentrated sulphuric acid, 
and shake the mixture. The iron filings are dissolved, and 
the mercury formerly held in solution is precipitated in the 
metallic state. The cause of this sudden change is obvious: 
The iron deoxidizes the mercury, and is at the same instant 
dissolved by the sulphuric acid, which has a stronger affinity 
for it than the colouring matter has. There remains in solu- 
tion therefore only sulphate of iron and the colouring matter. 

Now the colouring matter being volatile, which the sulphate 
of iron is not, it was easy to obtain it apart by distillation. 
Accordingly he distilled the mixture in a gentle heat: the 
colouring matter came over by the time that one-fourth of the 
liquor had passed into the receiver. It was mixed, however, 
with a small quantity of sulphuric acid; from which he sepa- 
rated it by distilling a second time over a quantity of carbonate 
of lime. The sulphuric acid combines with the lime and re- 
mains behind, which the colouring matter cannot do, because 
carbonic acid has a stronger affinity for lime than it has. Thus 
he obtained the colouring matter in a state of purity. 


Satu It remained now to discover its component parts. He - 


tion, formed a very pure prussian blue, which he distilled, and in- 
creased the fire till the vessel became red. The small quantity 
of water which he had put into the receiver contained a por- 
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tion of the blue colouring matter and of ammonia; and the 
air of the receiver consisted of azote, carbonic acid gas, and 
the colouring matter. He concluded from this and other ex- 
periments, that the colouring matter is a compound of ammo- 
nia and oil. But when he attempted to verify this theory by 
combining together ammonia and oil, he could not succeed in 
forming colouring matter. This obliged him to change his 
opinion ; and at last he concluded that the colouring matter is 
a compound of ammonia and charcoal. He mixed together 
equal quantities of pounded charcoal and potash, put the mix- 
ture into a crucible, and kept it red-hot for a quarter of an 
hour; he then added a quantity of sal ammoniac in small 
pieces, which he pushed to the bottom of the melted mixture, 
kept it in the fire for two minutes till it had ceased to give out 
vapours of ammonia, and then threw it into a quantity of 
water. The solution possessed all the properties of the prus- 
sian alkali. Thus, Mr. Scheele succeeded in forming the co~ 
louring matter. 

This colouring matter was called prussic acid by Morveau 
in the first volume of the chemical part of the Encyclopedie 
Methodique ; an appellation which soon became general in 
Great Britain and France. 

These admirable experiments of Scheele were repeated and 
carried still farther by Berthollet in 1787; who applied to the 
explanation of the composition of the colouring matter the 
light which had resulted from his previous experiments on the 
component parts of ammonia. This illustrious chemist ascer- 
tained, in the first place, that the phlogisticated alkali is a triple 
salt, composed of prussic acid, the alkali, and oxide of iron; 
that it may be obtained in octahedral crystals; and that when 
mixed with sulphuric acid, and exposed to the light, it lets fall 
a precipitate of prussian blue. His next object was to ascer- 
tain the component parts of prussic acid. When chlorine is 
poured into prussic acid, obtained by Scheele’s process, the acid 
becomes more odorous and more volatile, less capable of com- 
bining with alkalies, and precipitates iron from its solutions, 
not blue, but green. He conceived that in this case it had 
combined with oxygen, acquired new properties, and becn con- 
verted into a new substance, which he called oxry-prussic acid. 

From these experiments, and others similar to them, Ber- 
thollet concluded, that prussic acid does not contain ammonia 
ready formed; but that it is a triple compound of carbon, 
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hydrogen, and azote, in proportions which he was not able to 
ascertain. This conclusion was verified by Mr. Clouet, who 
found, that when ammoniacal gas is made to pass through a 


red hot porcelain tube containing charcoal, a quantity of 


prussic acid is formed.* This experiment does not succeed 
unless a pretty strong heat be applied to the tube. 


In the year 1806, a most valuable paper on prussic acid and — 


its compounds was published by M. Proust.t Though he 
did not succeed in procuring the acid in a separate state, nor 
in ascertaining its constituents; with rigid accuracy he 
pointed out a great number of new and important facts which 
were of much utility, and which facilitated the subsequent 
investigations of Gay-Lussac. To this last illustrious chemist 
we are indebted for an easy process for obtaining prussic acid in 
a state of purity,§ for an accurate description of its properties 


when thus obtained, and for a rigid determination of its com- 


position and constitution. || 

Pure prussic or hydrocyanic acid may be obtained by the 
following process. Put into a small tubulated retort a mix- 
ture of prussiate of mercury ** and muriatic acid. The quan- 
tity of acid should be less than would be requisite to decom- 
pose the prussiate of mercury completely. To the beak of the 
retort fit a glass tube about 2 feet in length and about ~*,ths 
of an inch wide. Fill the first third of this tube with frag- 
ments of marble in order to retain any muriatic acid that 
might come over, (but care should be taken to prevent this as 
much as possible.) The remainder of the tube is to be filled 
with chloride of calcium to retain the water. To the extre- 
mity of this tube adapt a small receiver and surround it with 
ice, or still better, with a mixture of snow and salt, Apply a 
moderate heat to the retort. The hydrocyanic acid passes 
over and condenses at first on the marble. But it is easy, by 
applying a gentle heat, to drive it along the tube, and into the 
receiver. +> 

I. Hydrocyanic acid, thus prepared, is a colourless liquid, 


* Ann. de Chim. xi. 30. + Jour. de l’Ecole Polytechn. I, iii. 436. 

} Ann. de Chim. Ix. 185, §. [bid. Ixxxi, 215, 

| Ibid. xcv. 136.’ 

** This salt is obtained by boiling red oxide of mercury and prussian blue 
together, and evaporating the solution formed till it crystallizes. The crys- 
tals constitute prussiate of mercury. 

tt Ann. de Chim, xcv. pe 144. 
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having a strong smell similar to that of peach blossoms. Its snpaiv. v. 


taste is sharp, and at first appears cooling, but it soon excites 
a burning sensation in the mouth, and it is very asthenic, and 
indeed a virulent poison. At the temperature of 444°, its 
specific gravity is 0°7058; at the temperature of 643°; its 
specific gravity is 0°6969. It boils at the temperature of 79°7°, 
and congeals about the temperature of 5°. ‘The cold which 
it produces when allowed to evaporate in the open air, 
even at the temperature of 68°, is sufficient to congeal it. The 
density of its vapour, compared to that of air, is by experi- 
ment 0°9476. By calculation its specific gravity ought to be 
0°9368. 

When the vapour of this acid is mixed with oxygen gas, 
and an electric spark passed through it, a detonation takes 
place. For complete combustion, 100 volumes of the va- 
pour require 125 of oxygen. ‘The products are 100 carbonic 
acid mixed with 50 azote. 100 of the oxygen went to the 
formation of carbonic acid. ‘The remaining 25 of oxygen 
must have combined with hydrogen, and the quantity of hy- 
drogen with which they combine must have been 50. Hence 
it follows that hydrocyanic acid must consist in bulk of 


1 volume carbon, 
volume azote, 
volume hydrogen, 


|= w]e 


condensed into 1 volume. Hence we obtain its specific gra- 
vity by adding together the specific gravity of a volume of 
carbon, half the specific gravity of azotic gas, and half the 
specific gravity of hydrogen gas. ‘These added together con- 
stitute 0°9368, which comes within about 1 per cent. of the 
specific gravity, as determined by experiment. 


Chap. ik 


When potassium is heated in vapour of prussic acid the composi- 


whole vapour disappears, and is replaced by a quantity of hy- 
drogen gas amounting to half its bulk. The potassium is con- 
verted into a grey spongy mass, which soon melts and acquires 
a yellow colour. When this matter is thrown into water it 
melts without effervescence, and the water contains a solution 
of common prussiate of potash. From this experiment it is 
obvious that the potassium absorbs all the hydrocyanic acid, 
except the hydrogen. But if the hydrogen be taken from this 
acid there remains only cyanogen. It is evident, then, that 

hydrocyanic acid is a compound of cyanogen and hydrogen. 
~ Nor can there be a doubt that it consists of equal volumes of 


tion. 
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these two bodies, united together without any condensation. 
Hence its specific gravity is the mean of the specific gravity of 
cyanogen and of hydrogen. 


Sp. gravity of cyanogen... 1°804 
of hydrogen... 0°0694: 


MEE Ga terre rr? ea ». 0°9367 = Sp. gr. of hydro- 
cyanic acid. 


Or in other words, hydrocyanic acid is a compound of 1 atom 
cyanogen + 1 atom hydrogen. So that its weight is 3°375; 
and its constituents by weight are, 


Cyanogen sie, 18196... ee OO 
Fiydrogen 0 oss. WU25 —lea5.. | ee 


Hydrocyanic acid cannot be preserved for any length of 
time without undergoing decomposition. Ammonia is formed, 
and a quantity of charry matter deposited. This charcoal 
must, of course, contain two thirds of the whole azote in the 
acid; so that it must be an azoturet of carbon. 

II. Iodine may be volatilized in this acid vapour, without 
occasioning any change in it. Oxygen decomposes it with 
combustion when mixed with it, and fired by the electric 
spark. Chlorine displaces the hydrogen and forms chlorocy- 
anic acid. 

IIf. Azote has no action on hydrocyanic acid. Neither is 
it acted on by hydrogen, carbon, boron, silicon, or phospho- 
rus, at least, as far as is known. Sulphur decomposes it, dis- 
placing the hydrogen and converting it into sulphocyanic acid. 
Arsenic does not act upon it. The effect of tellurium has not 
been tried. 

Potassium and sodium when heated in hydrocyanic acid ab- 
sorb the cyanogen, and are converted into cyanodides, while 
the hydrogen is disengaged. 

Barytes, potash, and soda, in like manner, absorb the cya- 
nogen when assisted by heat, and become cyanodides, allowing 
the hydrogen to escape. 

When hydrocyanic acid vapour is passed through red hot 
iron, it is completely decomposed. Carbon is deposited 
around the iron and partly combines with it, while equal 
volumes of azote and hydrogen are disengaged in the gaseous 
state. ‘The same decomposition is produced by passing the 
vapour through red-hot platinum wire. 

2 
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When vapour of hydrocyanic acid is passed through per- Subti. v. 
oxide of copper heated to redness, the oxide is reduced, and eet 
the acid completely decomposed. Water is formed and a gas 
disengaged, which is a mixture of 2 volumes of carbonic acid, 
and 1 volume of azote. At the common temperature of the 
atmosphere, the oxide of copper converts the hydrogen of the 
acid into water, and cyanogen is evolved. 

The peroxide of manganese absorbs completely the vapous 
of hydrocyanic acid in a few hours. Water is formed, but 
cyanogen is not evolved. 

When red oxide of mercury is heated in hydrocyanic acid 
yapour, a violent action takes place, and so much heat is 
evolved as to destroy the compound formed. When the ex- 
periment is made without the application of heat, the vapour 
is obsorbed by the oxide. When the oxide thus saturated 
with vapour of hydrocyanic acid is heated, water is disengaged, 
and there remains the substance formerly known by the name 
of prussiate of mercury. Hence it is obvious that this com- 
pound is in reality a cyanide of mercury.* 

The following facts respecting the action of this acid on Experi- 
metallic oxides, determined by Scheele, deserve to be remem- ame 
bered. 

Of all the metallic solutions tried by Scheele, pure prussic 
acid occasioned only a precipitate in three: namely, 

1. Nitrate of silver precipitated white. 

2. Nitrate of mercury precipitated black. 

3. Carbonate of iron precipitated green becoming blue. It 
has no action on the oxides of 


1. Platinum, 4, Lead, 7. Manganese, 
2. Tron, 5. Bismuth, 8. Arsenic, 
oer Tin, 6. Antimony, 9, Molybdenum. 


10. Gold precipitated by the alkaline carbonates is rendered 
white by this acid. 

1). It disengages carbonic acid from the oxide of silver, 
precipitated by the same alkalies ; but the oxide remains white. 

12. It dissolves red oxide of mercury, and forms with it a 
salt which may be obtained in crystals. ‘This salt is cyanodide 
of mercury. 

13. Oxide of copper precipitated by carbonate of potash 
effervesces in it, and acquires a slight orange-yellow colour. 


* The properties of hydrocyanic acid detailed in this section, were deter- 
mined by Gay-Lussac. See Ann, de Chim. xev. 144. 
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14, Oxide of iron precipitated from the sulphate of iron by 
carbonate of potash, effervesces in it, and becomes blue. 

15. Oxide of cobalt precipitated by the same alkali, gives 
in it some marks of effervescence, and becomes yellowish 
brown.* 


The salts which this acid forms with the different bases have | 


been called hydrocyanates. They have little permanence, of 
course can scarcely be applied to any useful purpose, and in- 
deed have scarcely been examined, since the time of Scheele, 
who first made them known. 


SECT, IT. 
OF SULPHOCHYAZIC ACID. 


Tis acid was discovered by Mr. Porrett in 1808, and an 
account of it published by him soon after, under the name of 
prussous acid, because he considered it as differing from com- 
mon prussic acid by containing less oxygen.t He afterwards 
ascertained that it contained sulphur, and published a detailed 
account of its properties, in the year 1814, under the name of 


sulphuretted chyaxic acid, considering it as a compound of | 


prussic acid and sulphur.t 

In the year 1817, M. Von Grotthus published an elaborate 
set of experiments on this acid,§ in which he gave a new 
method of preparing the acid, and endeavoured to show that 
it was a compound of hydrogen united to a peculiar base to 
which he gave the name of anthrazothion, and which he con- 
sidered as a peculiar compound of sulphur, carbon, and azote. 
This was followed in 1818 by a set of experiments on the same 
acid by M. Vogel, of Munich,|| who rectified the process of 
Grotthus, and showed by very satisfactory arguments that the 
notion of the constitution of this acid given by Grotthus is 
inaccurate. In 1819 Mr. Porrett repeated his original expe- 
riments, and showed that the acid is a compound of 2 atoms 
of sulphur and 1 atom of hydrocyanic acid.** 


* Scheele, ii. 169. 

+ Published in the 27th volume of the Transactions of the Society for the 
Encouragement of Arts, Manufactures, and Commerce. Froin which it is 
copied into the Phil. Mag. xxxvi. 196. 

f Phil. Trans. 1814, p. 527. 

§ Annals of Philosophy, xiii. 39. | Ibid. p. 101. 

** Tpid. p. 350. 
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Sulpho-chyazic acid may be obtained by the following pro- soba. v. 


cess. Reduce any quantity of yellow prussiate of potash to 
powder, mix it with its own weight of flowers of sulphur, put 
the mixture into a flask and expose it to a heat sufficiently 
strong to melt the sulphur. Keep the mixture melted for se- 
veral hours, then reduce it to powder, digest the powder in a 
sufficient quantity of water to take up every thing soluble. 
Pass the liquid through a filter, and drop into it a sufficient 
quantity of potash to precipitate any iron which it may hold 
in solution. The liquid thus prepared consists of a solution 
of sulpho-chyazate of potash in water. If we mix the solu- 
tion with sulphuric acid and distil, pure sulpho-chyazic acid 
passes over into the receiver, together with a quantity of water. 
This is the process of Grotthus, as rectified by Vogel. I have 
repeated it several times and found it to answer very well. 

Sulpho-chyazic acid, thus obtained, is a transparent colour- 
less liquid,* having an odour as strong, and a little resembling 
that of acetic acid. Its specific gravity, in the most concentrated 
form in which it was obtained by Mr. Porrett, was 1-022. At 
a boiling heat it dissolves a little sulphur. ‘The greatest por- 
tion of this substance precipitates again when the liquid cools. 
The presence of sulphur in solution in it may be detected by 
nitrate of silver, which the acid, while pure, throws down 
white; but the colour of the precipitate is dark when the acid 
contains sulphur dissolved in it. 

When this acid is distilled it leaves behind it a little sulphur 
and a portion of it is decomposed, so that it would be possible, 
by repeated distillations, to destroy the whole of it. 

It boils at the temperature of 2161°, and at that tempera- 
ture it is converted into vapour but not into gas. When the 
acid is thrown into a red hot platinum crucible, sulphur is 
disengaged, and at last burns with a blue flame. M. Vogel 
passed the acid through a red hot porcelain tube and obtained 
at the farther end of it sulphur, sulpho-chyazic acid undecom- 
posed, and hydrocyanic acid, which was partly saturated with 
ammonia. If the tube be filled with iron turnings, sulphuret 
of iron is formed, and hydrocyanic acid and sulphuretted hy- 
drogen disengaged. This acid, according to Vogel, crystallizes 
in the form of six-sided prisms at the temperature of 54°5°. 

When this acid is mixed with a sufficient quantity of chlo- 


* Sometimes it acquires a pinkish hue. 
+ Vogel, Annals of Philosophy, xi. p. 103. 
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rine, the whole of the sulphur is converted into sulphuric acid, - 


and the hydrocyanic acid is disengaged. Iodine seems to pro- 
duce nearly the same kind of change upon it.* 

This acid forms a white insoluble compound with protoxide 
of copper. Itis a protosulpho-chyazate of copper, which is 
composed, according to the analysis of Mr. Porrett, of + 


cdi, 2 20 28g ohh. Mo, PF, SRB 
Protoxide of copper. 55 .... 9 


one 


100 


According to this analysis the equivalent number for sulpho- 
chyazic acid is 7°394. 

To determine the composition of this acid Mr. Porrett ex- 
posed a mixture of 4°8 grains of protosulpho-chyazate of cop- 
per, and 12 grains peroxide of copper to the action of a spirit 
lamp.f{ 6°34 cubic inches of gas came over, consisting of 


Carbonic acid...... 3°46 cubic inches, or 1°604 gr. 
PUIG 6 ig stopaiiht ca 1°73 . 


The residue in the tube consisted of 


Protoxide of copper..... 7°56 gr. 
Copper *oo 25 .8et See 2:10 
Sulphuret of copper .... 3°90 


13°56 
Now 4°8 grains of the protosulpho-chyazate of copper are com- 
posed of 


AGIOS va ves. 2°16 or 
Hace 2. oe 264: 
4°80 


The whole oxygen contained in the peroxide of copper and 
protosulpho-chyazate was as follows: 
In 12 grains peroxide.... 2°400 grains. 
In 2°64 grains protoxide . 0°293 


Total...... 2°693 


* Vogel, Annals of Philosophy, xii. p. 105. 
t Annals of Philosophy, xii. 359. ¥ Ibid. xin. 360. 
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Of this 0°84 grain still remained united to the copper in the Subd V. 
ap. ‘ 
7°56 grains of peroxide of copper. So that the whole of the 


oxygen consumed in the experiment amounted to 1°853 grain. 
Let us see how much of this exists in the carbonic acid and 
sulphurous acid produced. 

1°604 grain of carbonic acid contains -8- of 1°604 = 1:1938 
grain of oxygen. 

0°779 grain of sulphurous acid contains + of 0°779 = 0°3896 
grain. ‘These two quantities make a total of 1:5834 grain. 
But the quantity consumed amounted to 1-853 grain. Hence, 
besides the oxygen in the carbonic acid and sulphurous acid, 
there was consumed 0°27 of a grain of oxygen. — This oxygen 
must have gone to the formation of water. Now 0°27 grain 
of oxygen gas is very nearly 0°795 cubic inch. It must have 
combined with double its volume of hydrogen, or with 1°59 
cubic inches. 

Thus it appears that the carbon, azote, and hydrogen of sul- 
phochyazic acid, supposing them in the gaseous state, would 
bear to each other the following proportions: 


Carbon .... 3°46 volumes, or 2 
AZO SE PL; co 


Hydrogen ¥oer-3o1} 3,0 oseee O'919 


Thusthe proportions are very nearly the same as in hydrocyanic 
acid. There is a small deficiency in the hydrogen. But if 
we attend to the method employed to ascertain it we shall not 
be surprised at this deficiency, which scarcely exceeds 8 per 
cent. 

To know the constitution of the acid it remains only to de- 
termine the quantity of sulphur present. Sulphur in the state 
of vapour has the same specific gravity as oxygen gas, and sul- 
phurous acid contains its own volume of sulphur in the state 
of vapour. From these data it is easy to determine the 
volume of sulphur in 2°16 grains of sulphochyazic acid. 

For the sulphur in 3:9 grains of sulphuret of copper = 0°78 
grain = 2°3017 cubic inches of sulphur vapour. ‘This added 
to 1°15 (the volume of sulphurous acid) makes a total of 3°4.517 
cubic inches. Thus we see that the volume of sulphur (when 
in the state of vapour) is the same as that of the carbon in 


sulphochyazic acid. It appears, therefore, that the constitu- 
ents of the acid are 


2 volumes sulphur 
p 5 


2 volumes carbon, 
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By substituting atoms for volumes we obtain the true weight 
and constitution of the acid. It is composed of 


Z atoms sulphur ...... = 4 
2 atoms carbon ....... = 1'°5 


1 atom azote ...... eee & 1175S 
1 atom hydrogen...... = 0°125 
7375 
Sulpho- I shall now state the facts that have been ascertained re- 


chyazates. 


specting the compounds of this acid with salifiable bases— 
compounds to which the name of swlphochyazates may be given. 
For every thing known respecting these salts we are indebted 
to Mr. Porrett.* 

1. Sulphochyaxate of ammonia. This is a soluble salt which 
does not crystallize, but is soluble in alcohol. 

2. Sulphochyaxate of potash. A deliquescent salt, soluble 
in alcohol. 

3. Sulphochyazate of soda. A deliquescent salt, soluble in 
alcohol. It crystallizes in rhomboids. 

4. Sulphochyazate of lime. A deliquescent salt, soluble in 
alcohol, from which it may be obtained in a mass of needle- 
form crystals. 

5. Sulphochyaxate of barytes. A deliquescent salt, crystal- 
lizing in long slender prisms of a brilliant white colour. 
This salt, according to the analysis of Mr. Porrett, is com- 
posed of 


Sulphochyazic acid . 2°95 .... 100 wees 4°150 
Bar yes: slecdes Seer BOS 1 vei v/ QBS LkenD50 


9°88 


6. Sulphochyaxate of strontian. A deliquescent salt, crys- 
tallizing in long slender prisms in groups, radiating like 
zeolite. 

7. Sulphochyaxate of magnesia. A deliquescent, incrystal- 
lizable salt. When dried it has a micaceous appearance. 

8. Sulphochyazate of alumina. It crystallizes in octahedrons, 
and does not deliquesce. 


* Phil. Trans. 1814, p. 552. 
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9. Protosulphochyazate of iron. A colourless salt, very solu- Subdiv. v. 


ble in water. 

10, Persulphochyazate of iron. A salt of a beautiful crimson 
colour, deliquescent, and only obtainable in a solid form by 
exposure to an atmosphere artificially dried. 

11. Sulphochyazates of nickel, cobalt, manganese, uranium; 
zinc, bismuth. Very soluble. 

12. Sulphochyaxate of lead. A soluble salt. Crystals obtuse 
rhombs. In a moist atmosphere slowly deliquesces. 

13. Sulphochyaxate of tin. Very soluble. 

14. Protosulphochyaxate of copper. A white powder, inso- 
Juble in water and in most acids, decomposable by alkalies, or 
by distillation with sal ammoniac; also by mixture with per- 
nitrate of iron, When mixed with five times its weight of 
chlorate of potash it explodes by heat, friction, the contaet 
of sulphuric acid, or the electric spark. This salt, according 
to the analysis of Mr. Porrett, is composed of 


Sulphochyazic acid .. 45°00 .... 7°394 
Protoxide of copper .. 55°00 .... 9° 


100°00 


15. Persulphochyaxate of copper. This salt may be formed 
by mixing together sulphochyazate of soda and persulphate of 
copper. It is then in the state of a bright pea-green liquid, 
to which if any deoxidizing substance be added as sulphurous 
acid, an alkaline sulphite or the salts of protoxide of tin or of 
iron, protosulphochyazate of copper is immediately produced 
and precipitates in the state of a white powder. 

16. Protosulphochyaxate of mercury. A white insoluble 
powder. 

17. Sulphochyaxate of silver. A white insoluble salt. 

18. Sulphochyazate of palladium. Very soluble. 

19. Sulphochyazate of potash united to cyanide of mercury. 
Mr. Porrett informs us that these two substances are capable 
of uniting together and forming a compound salt, which has a 
brilliant silvery lustre, is but little soluble in cold water, but 
very soluble in hot, from which it may be festa in crystals 
by cooling. 
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OF FERROCHYAZIC ACID. 


Wuewn hydrocyanic acid is combined with the salifiable 


~— bases it forms salts which cannot be exposed to the atmosphere 
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without undergoing decomposition, and whose acid is dis- 
placed by every other acid with which we are acquainted. 
But when salts are formed by boiling the salifiable bases to- 
gether with prussian blue, we obtain compounds of a very 
different nature. They are not only permanent in the atmo- 
sphere, but their acid adheres with so much obstinacy that it Is 
not easily displaced by any other acid however powerful. It 
was long ago perceived that the salts formed by this last pro- 
cess contained as a constituent a considerable proportion of 
oxide of iron. Yet this iron cannot be made manifest by the 
usual reagents. It is not precipitated by phosphoric acid, or 
by alkalies, as happens in all other cases when iron is held in 
solution by acids. The nature of these salts therefore was 
somewhat enigmatical, as they presented phenomena incon- 
sistent with what we behold in other cases. The difficulty has 
been at last removed by Mr. Porrett, who endeavoured to 
show that these salts contain an acid hitherto unknown, com- 
posed of protoxide of iron and hydrocyanic acid, and to which 
he has given the name of ferrureited chyaxic acid. ‘This acid 
may be obtained by the following process : 

Dissolve in cold water the salt hitherto called triple prus- 
siate of barytes ; and for every ten grains of the salt so dis- 
solved add 2.53 grains of real sulphuric acid, agitate the mix- 
ture, and set it aside for some time. The whole of the barytes 
and sulphuric acid precipitate in combination, and leave the 
ferrochyazic acid dissolved in the water.* This acid possesses 
the following characters. 

It has a pale lemon-yellow colour, and is destitute of smell. 
It is decomposed by a gentle heat or by exposure to a strong 
light. Hydrocyanic acid is then formed, and white triple 
prussiate of iron, which by exposure to the air quickly be- 


comes blue. When combined with the salifiable bases it forms 


the salts called triple prussiates. It displaces acetic acid from 
its combinations without the assistance of heat, and forms 


* Phil. Trans. 1814, p. 580. 
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tiple prussiates with the bases previously united to that acid. 
Tt expels all acids from soluble combinations when it is capa~ 
ble of forming insoluble salts with the bases to which they 
were united. * 

That ferrochyazic acid is a peculiar acid, is farther proved 
by what happens when a solution of triple prussiate of soda 
is exposed to the action of the galvanic battery. Its acid (in- 
cluding the iron) was deposited at the positive pole, where, 
in consequence probably of the decomposition of water, hy- 
drocyanic acid was volatilized, and blue prussiate of iron de- 
posited. 

Mr. Porrett has pointed out an ingenious process for ob- 
taining this acid in the state of crystals. It is as follows: 
Dissolve 58 grains of crystallized tartaric acid in alcohol and 
50 grains of ferrochyazate of potash in as little warm water 
as possible. Mix the two liquids. Bitartrate of potash is 
precipitated and the ferrochyazic acid remains in solution. 
By spontaneous crystallization it separates in small yellow 
coloured cubes. I have repeated this experiment with suc- 
cess. ‘The crystals of ferrochyazic acid are soon destroyed 
when left exposed to the action of light. They become coated 
with prussian blue and lose their regular shape. ‘The same 
change took place even when the acid was kept in a press ex- 
cluded from the light by a wooden door, which however was 
very often opened. 

The analysis of this acid is attended with considerable dif- 
ficulty, owing chiefly to the ease with which the iron which it 
contains is volatilized. Mr. Porrett concluded, from a set of 
experiments, of which an account may be seen in the Philo- 
sophical Transactions for 1816,+ that it is a compound of 
4 atoms of hydrocyanic acid and 1 atom of black oxide of 
iron. In the year 1818 I published a set of experiments on 
the ferrochyazate of potash, and drew as a conclusion from 
them, that it was probably a compound of 1 atom of hydro- 
cyanic acid and half an atom of iron, acknowledging at the 
same time that this hypothesis did not agree exactly with the 
products which I obtained, the quantity of carbon and of 
hydrogen being too great for a single atom of hydrocyanic 
acid. t Mr. Porrett soon after wrote a new paper on the sub- 
ject, in which he endeavoured to show that the acid was a 


* Porrett, Phil. Trans. 1814, p. 530. # P2920; 
{ Annals of Philosophy, xii. 102. 
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compound of 2 atoms of hydrocyanic acid + an atom of azote, 
+ an atom of iron.* But this statement cannot be reconciled 
to the quantity of iron which is detected in the acid by ana- 
lysis, and which amounts only to half an atom. 

In October 1819, Mr. Porrett published a new set of expe- 
riments on this acid,} in which he admits that the proportion 
of iron, which I separated from the acid, was not below the 
truth, and of course concedes that the iron in this acid amounts 
only to half an atom. He obtained from the analysis of 1 grain 
of the ferrochyazate of potash, by means of peroxide of cop- 
per, the following substances: tf 


Grains, 
Carbonic acid 1°79 cubic inches = 0°226 carbon. 
Azotic gas .. 0°45 == 0°1 S3:azote: 
Hydrogen ..0°377 = 0°008 hydrogen. 
0°367 


In this analysis there is an excess of 0°06 grains. I have 
repeated the analysis of this acid at least 20 times, in order, 
if possible, to verify Mr. Porrett’s results. But I have not 
been able to obtain conclusions in the least similar to those 


which he has stated. Iam under the necessity therefore of 


differing in opinion from this ingenious chemist, and of con- 
cluding, in conformity with my original paper,§ that ferro- 
chyazic acid is a compound of 1 atom of hydrocyanic acid, 
and half an atom of iron. I even entertain suspicions that 
the opinion which I advanced in the last edition of this work ; 
namely, that ferrochyazic acid is a compound of cyanogen 
and iron will be ultimately verified. I have, indeed, always 
obtained such a quantity of water in my experiments as indi- 
cates the presence of hydrogen in the acid. But Dr. Prout, 
who has repeated the analysis with a more perfect apparatus 
than mine, has not obtained a greater proportion of water 
than may be supposed to exist in the salt in the state of water 
of crystallization. Jarther researches are therefore necessary 
before this point can be considered as ultimately decided. 
5 grains of the crystals of ferrochyazate of potash, when 
heated with peroxide of copper, give out 8 cubic inches of 
gas. Of this 4°6 cubic inches are absorbed by potash, and 
therefore are carbonic acid gas. The remaining 3°4 cubic 


* Annals of Philosophy, xii. 214. t Ibid. xiv. 295. 
t Ibid. 296. § Ibid. xii. 102. 
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inches are azotic gas. But the potash in the salt remains in Sebtiv. v. 


the state of a carbonate. If we add this carbonic acid to 
the 4°6 cubic inches evolved, we shall have almost exactly 
6°8 cubic inches, which is just double the volume of the azotic 
gas disengaged. It follows, therefore, that in ferrochyazic 
acid the volume of carbon is just twice that of the azote. 
Hence the acid contains 2 atoms of carbon (and not 4 as 
Mr. Porrett affirms) for every atom of azote. According to 
an experiment with which Dr. Prout furnished me, 5 grains 
of ferrochyazate of potash, when heated with peroxide of 
copper, lose about 4 grains of weight (if we include the car- 
bonic acid still retained by the potash in the loss). Now 
this is scarcely equivalent to the weight of the carbonic acid 
and of the azotic gas evolved. So that, according to this 
experiment, the acid does not appear to contain any hydrogen. 
But as I myself, in all my experiments, always obtained 
water, I consider it as proved, that the acid is composed as 
follows : 


2 MA Oie CAYDOl nahin wed SS BS 

L AtOm aZ0te <i id wor cee AWTS 

1 atom hydrogen ...... = 1°25 

ee BtOne ire och wee bins 3) 975 
5°125 


But as the equivalent number 5°125 cannot be reconciled 
to the composition of the salt, I see no other alternative than 
to suppose that the iron in reality amounts to a whole atom ; 
although I have only been able to obtain half an atom. On 
that supposition ferrochyazic acid must be composed as 
follows : 
atoms carbon .....+ 1°5 
atom aZote 2.6.56. 1°75 
atom hydrogen ..... 0125 
ATOM AVON sssidiosy pyre SB 


mee PO 


6°875 

This would make the weight of the equivalent number for 
the acid 6875. I am disposed to suspect that it will ulti- 
mately turn out to be 6°75, which would be the weight of an 
atom of cyanogen united to an atom of iron. But the whole 
of this investigation is still very obscure. I have not been 
able to throw any additional light on the subject since the 
publication of my paper in 1818, 
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Let us now proceed to describe the compounds which ferro- 
chyazic acid makes with the salifiable bases. ‘These salts have 
(many of them) a yellow colour, and were formerly distin- 
guished by the name of triple prussiates. We must of course 
give them the name of ferrochyaxzates. 

1. Ferrochyaxate of ammonia. ‘This salt was discovered by 
Macquer. It forms hexangular crystals of a light lemon-yel- 
low colour, is very soluble in water, and deliquesces when ex~- 
posed to the air. 

2. Ferrrochyazate of potash. ‘This salt was first formed by 
Macquer, and proposed by him as a test to determine the pre- 
sence of metallic bodies in solution, and to ascertain the kind 
of metal, and has in consequence acquired great celebrity and 
attracted a great deal of attention. It was called successively 


phlogisticated alkali, prussian alkali, triple prussiate of potash; 


and was usually prepared by boiling prussian blue in a pot- 
ash ley till the alkali was completely saturated. The liquid 
was then filtered and evaporated till the salt crystallized. It 
is now manufactured in the large way by Messrs. Macintosh 
and Co. Glasgow, from whom it may be procured in most 
magnificent crystals, and in the state of greatest purity. 

The colour of the salt is a fine topaz yellow. It is trans- 
parent, and appears green by transmitted light. ‘The figure 
of the crystals is a square plate with bevelled edges. We 
may consider it as an octahedron composed of two four-sided 
pyramids applied base to base, and the apexes of each pyra- 
mid truncated very deep by a plane parallel to the bases of 
the pyramids. The bevelled edges of the table, or the two 
contiguous faces of the truncated pyramids, are inclined to 
each other at an angle of about 135°. The specific gravity 
of these crystals is 1°833. ‘They are sectile, and may be easily 
split into plates parallel to the bases of the pyramids. ‘These 
plates admit of being bent without breaking. 

Its taste is saline and cooling, and by no means disagree- 
able. Its solubility in distilled water at different temperatures 
is as follows: 


A 54°, 100 parts of water dissolve 27°8 of the salt, 


Re higes ee: omnia 
150 CGS Is BRASS le {008.9 ps Da kipre el 
TOU oe neces miaraonmanese Reig 2) 60 5 


It is insoluble in alcohol and in sulphuric ether. When 
exposed to heat it gives out moisture and assumes a white 
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colour: but it does not melt, nor do the crystals lose their suvaiv. v. 
shape unless the heat approaches to redness. Even a long C2" 
exposure to a red heat does not destroy the acid, though it 
renders the salt strongly alkaline. 

3. Ferrochyazate of soda. This salt may be prepared by . 
a process similar to that described for preparing the preced- 
ing salt. For the first detailed description of it we are in- 
debted to Dr. John. 

Its colour is yellow. It crystallizes in four-sided prisms 
terminated at both extremities by dihedral summits. They 
are transparent, and have a bitter taste; when left in a warm 
place they fall down in the state of a white powder, and lose 
374 per cent. of their weight. At the temperature of 55° they 
require 44 times their weight of water to dissolve them; but 
they are much more soluble in boiling water, a portion of the 
salt crystallizing as the solution cools. ‘The specific gravity of 
the crystals is 1°458. ‘They are soluble in alcohol.* 

4. Ferrochyaxate of lime. 'This salt was perhaps first men- oF time, 
tioned by Mr. Hagen;+ but we are indebted to Morveau 
for the first accurate account of its properties and pre- 
paration. f 

Upon two parts of prussian blue of commerce, previously 
well washed with a sufficient quantity of boiling water, to se- 
parate all the foreign salts, about 56 parts of lime-water are 
to be poured, and the mixture must be boiled for a short time 
till the lime is saturated with the ferrochyazic acid, which is 
known by its no longer altering paper stained with turmeric; 
it is then to be filtered. 

This liquid, which contains the ferrochyazate of lime in so- 
lution, has a greenish-yellow. colour; its specific gravity is 
1-005; and it has an unpleasant bitterish taste. When eva- 
porated to dryness, it yields small crystalline grains, soluble 
without alteration in water. It is insoluble in alcohol. 

5. Ferrochyaxate of barytes. For the first accurate descrip- of barytes. 
tion of this salt we are indebted to Dr. Henry. It may be 
formed by adding prussian blue to hot barytes water till it 
ceases to be discoloured. The solution, when filtered and gently 
evaporated, yields crystals of ferrochyazate of barytes. 

These crystals have the figure of rhomboidal prisms; they 
have a yellow colour, and are soluble in 1920 parts of cold 


* Gehlen’s Jour. 2d Series, iii. 171, 


t Crell’s Annals, 1784, i. 291. 
_ Encyc, Method. Chim. i, 242. 2 
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water, and in about 100 parts of boiling water. Ina red heat 
they are decomposed, the acid being destroyed. They are 
soluble in nitric and muriatic acids; sulphuric acid occasions 
a precipitate of sulphate of barytes.* Mr. Porrett+ has ana- 
lyzed this salt. According to his experiments it is composed 
of 

Ferrocyanic acid.... 34°31 

PIG LCR, wa wick thes - 49°10 

Waters. usstee 2)... 1669 


100°00 
Doubtless its true composition is 


1 atom ferrochyazic acid = 6°75 .... 36 


7 BGOWL DAT VUES « scuig oh ote OTS oss wh 
4 QtOMS WOLEr . oe se000 = ZIG 1p oe AD 
18°75 100 


6. Ferrochyaxzate of strontian. This salt was also first exa- 
mined by Dr. Henry. It may be formed by the same process 
as the last species; but the solution does not crystallize nearly 
so readily, When evaporated to dryness it does not deli- 
quesce, and is again soluble in less than four parts of cold 
water.{ 

7. Ferrochyaxate of magnesia. This salt was examined by 
Hagen in 1782; but since that time scarcely any attention has 
been paid to it. : 

8. The ferrochyaxates of yttria, glucina, alumina, and zir- 
conia, have not been hitherto examined. 

9. Protoferrochyazate of iron. This salt was discovered by 
Proust.§ It is a white powder which is precipitated when 
ferrochyazate of potash is dropped into protosulphate of iron, 
freed by boiling from atmospherical air. By exposure to the 
atmosphere it is speedily converted into prussian blue. 

10. Perferrochyazate of iron. This is the blue pigment 
which has been so long known by the name of prussian blue. 
It is a deep blue powder, insoluble in water, and scarcely 
soluble in acids. It is not affected by exposure to the air. 
Heat decomposes it by destroying the acid, and the oxide of 
iron remains behind. The prussian blue of commerce, be- 


* Nicholson’s Jour. 11. 170. + Phil. Trans. 1814, p. 535. 
+ Nicholson’s Journal, ii, 171. § Nicholson’s 4to. Jour. 1. 453. 
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sides other impurities, contains mixed with it a great quantity Subaiv. v. 


of alumina. When boiled with alkaline lye, in the state of a 

very fine powder, the whole of the acid may be removed. 

And if the residual powder be sufficiently washed with water, 

it contains nothing but peroxide of iron, supposing the prus- 

sian blue to have been free from all impurity. ‘This salt, ac- 

cording to the experiments of Mr. Porrett,* is composed of 
Ferrochyazic acid .. 53°38 ....100  .... 6°750 
Peroxide of iron.... 34°23 .... 6412 .... 4°328 
WAGER 4.0 esnaeee os be oo 


100°00 
I analyzed it by means of potash and found its constituents 
to be 4 
Ferrochyazic acid .... 51°0 
Peroxide of iron .... 37°8 
Water) seis ove esre 112 


100°00 
It is obvious that the specimen which I analyzed was a 
compound of 1 atom acid + 1 atom peroxide + 1 atom 
water. But there was a slight excess of water, probably be- 
cause the powder had not been sufficiently dried. To dry it 
is difficult, because it catches fire at a temperature between 
400° and 500°, and burns with a good deal of vividness; but 
without flame, and exhales at the same time a good deal of 
ammonia. Supposing the salt properly dried, its constituents 
would undoubtedly be 
1 SEO ACI pena be OOPS Ses Oe ee 
1 atom peroxide ..° ="5'00 «...'..'. 38°83 
Y atom water... SS" Pyeiat pt 2: 


12°875 100°00 

When this salt is heated to redness it gives out hydrocyanic 
dcid, ammonia, and a peculiar combustible gas composed of 
3 volumes carbon and 4 volumes hydrogen condensed into 
one-third of their bulk. Its specific gravity is 0°6743. 100 
volumes of it for complete combustion require 233°8 volumes 
of oxygen, and form 1431 volumes of carbonic acid gas, 
Prussiate of iron can scarcely be completely decomposed by 
exposure toared heat. The residue takes fire of its own 


* Phil. Trans. 1814, p. 536. 
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accord when exposed to the air, and gives out at the same 
time a quantity of ammonia. 

11. As the remaining ferrochyazates have not been hitherto 
examined with much attention by chemists, I shall satisfy 
myself with giving the following table of the colours of the 
various precipitates formed by pouring ferrochyazate of potash 
into solutions of the different metallic bodies. 


Metals, | Colour of Precipitates. 
TPOW nie slew ode as doce. ; 
Nickel .........2...6.+. Milk white. 

COBB one's Seca sav aiaselalbesoe ste . Grass green. 
Manganese ......... -+» Peach blossom. 
Ceritan  . ce cece te ve White. 
Uranium.............. Brownish red like blood. 
AARC Tr 5 eGR oes) HE White. 

Bismathy 6540 2b shoe oe. WW hites 

Lead ..5 cere cnc White. 

Pinrsas cu POR cas. White. 

Protoxide of copper .... White. 

Peroxide of copper .... Reddish brown. 
Mareiry 'sistasis ies eysseivtae} Os 

Siler Gish dlsavie Mas al vhite, becoming blue. 
COla cdi sewn iy 24 eek. SOF 

Plata aiians:,Ujast, Sosesin sett Ow 

Palladium: cssie. «ese «0 Olives 
Rhodinual. fox wnlexina se 403 

Tridium ...........+.. Becomes colourless. 
ARH OG. 20's omens Os 

Chromium ............ Green. 
Molybdenum .......... O. 
DMSO 6 scrshtenamecernn xs 

Columbium ........... Olive. 

Titanium ............. Yellowish brown.* 


* Grass green if any iron be present. See Vauquelin, Jour. de Phys. 
Ixvi. 345, 
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SUBDIVISION VI. 


OF COMPOUND COMBUSTIBLES. 


‘THoucu the substances belonging to this division appear, at Subdiv. VI. 
first sight, very different from those belonging to the five pre- 
ceding subdivisions, I believe that the difference is more appa- 
rent than real, and that all of them might, without difficulty, 
be arranged under three divisions similar to the divisions un- 
der which the compounds of oxygen and combustibles have 
been reduced. For many of the compound combustibles pos- 
sess properties analogous to acids; some of them possess pro- 
perties analogous to salifiable bases; and those few which are 
neither referable to acids or bases might be placed under the 
head of oxides. But I do not think the science sufficiently far 
advanced to derive advantage from such an arrangement. I 
shall not, therefore, attempt it at present. Neither shall I in- 
troduce into this part of the work the whole of the compound 
combustibles, which comprehend the greater number of ani- 
mal and vegetable substances. The investigation of vegetable 
and animal bodies is too incomplete; their properties are too 
imperfectly known to allow us to introduce them into the first 
principles of the science; and the utility of the greater num- 
ber of them as chemical instruments is too inconsiderable to 
warrant any such introduction, even if their properties were 
completely investigated. or these reasons, it will be proper 
to treat in this chapter of those compound combustibles only 
which are employed in chemistry as instruments of investiga- 
tion, reserving the remainder for the second part of this work. 
These may be reduced under five classes; namely, 


1. Alcohol 4. Fixed oils 
2. Ether 5. Bitumens 
3. Volatile oils 


The properties of these bodies form the subject of the follow- 
ing sections. 
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OF ALCOHOL. 


TueE liquid called alcohol, or spirit of wine, is obtained by 
distilling wine, beer, and similar fermented liquors. These li- 
quors appear to have been known in the earliest ages. ‘The 
Scripture informs us that Noah planted a vineyard and drank 
wine ; and the heathen writers are unanimous in ascribing the 
invention of this liquor to their earliest kings and heroes. 
Beer, too, seems to have been discovered at a very remote pe- 
riod. It was in common use in Egypt during the time of He- 
rodotus.* ‘Tacitus informs us that it was the drink of the Ger- 
mans.t Whether the ancients had any method of procuring 
ardent spirits from these or any other liquors does not appear. 
The Greeks and Romans seem to have been ignorant of ar- 
dent spirits altogether, at least we can discover no traces of 
any such liquor in their writings: but among the northern na- 
tions of Europe, intoxicating liquors were in use from the 
earliest ages. Whether these liquors resembled the beer of 
the Germans we do not know. 

At what period these liquors were first subjected to distilla- 
tion is unknown; though it can scarcely have preceded the 
time of the alchymists. The process is simple. Nothing more 
is absolutely necessary than to boil them in a still. The first 
portion of what comes over is ardent spirits. It is certain, at 
least, that the method of procuring ardent spirits by distilla- 
tion was known in the dark ages; and it is more than probable 
that it was practised in the north of Europe much earlier. 
They are mentioned expressly by ‘Chaddzeus, Villanovanus, 
and Lully.t 

It is by the distillation of fermented liquors that ardent spi- 
rits are obtained ; and they receive various names according to 
the nature of the substance employed. Thus brandy is pro- 
cured from wine, rm from the fermented juice of the sugar- 
cane, whisky and gin from the fermented infusion of malt or 
grain. Now ardent spirits, whatever be their name, consist 
almost entirely of three ingredients; namely, water, pure spi- 
rit or alcohol, and a little oz/ or resin, to which they owe their 


/flavour and colour. 


© Libs tim. 77. + De Morib. Germ, ch. ¥xui. 


t Bergman, iv. art. 11. 4 
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1. When these spirituous liquors are re-distilled, the first. subaiv. vr. 
portion that comes over is a fine light transparent liquid, er, 
known in commerce by the name of rectified spirits, and com- Rectified 
monly sold under the denomination of alcohol or spirit of?” 
wine. It is not, however, as strong as possible, still contain- 
ing a considerable portion of water. 

The method usually practised to get rid of this water is to Prepara- 

: ee! . : tion of al- 
mix the spirits with a quantity of very dry and warm salt Of cots. 
tartar.* This salt has a strong attraction for water, and the 
greatest part of it is insoluble in alcohol. It accordingly com- 
bines with the water of the spirit ; and the solution thus formed 
sinks to the bottom of the vessel, and the alcohol, which is 
lighter, swims over it, and may easily be decanted off; or, 
what is perhaps better, the solution of potash may be drawn 
off from below it by means of a stopcock placed at the bottom 
of the vessel. The alcohol, thus obtained, contains a little 
pure potash dissolved, which may be separated by distilling it 
in a water bath with a very smali heat. The spirit passes over, 
and leaves the potash behind. It is proper not to distil to dry- 
ness. ‘This process is first mentioned by Lully. The liquid 
procured by means of it has been usually distinguished by the 
name of alcohol. 

Alcohol is said to have been discovered, or at least first ac- 
curately described, by Arnold de Villa Nova, who was born 
about the end of the thirteenth century. This chemist, who 
was professor of medicine at Montpelier, first formed tinctures, 
and introduced them into medicine.t 

The specific gravity of spirits, as highly rectified as possible strength of 
by repeated distillations, seems to be about 0-820, at the tem- ers 
perature of 60°; but the alcohol of commerce, which is no- 
thing else than rectified spirits, is seldom under °8371. By 
means of salt of tartar Muschenbroeck brought it as low as 
°815; but, in general, the alcohol concentrated by that pro- 
cess is not under °821, owing to the weakness of the spirits 
employed. Even at the specific gravity *815 the alcohol is by 
no means pure, still containing a considerable portion of water. 


* Impure potash not fully saturated with carbonic acid. 

+ See this process described by Hoffman as new, in his Observationes 
Phys.-Chim, Select. p. 36, published in 1722. 

{ He is said also to have been the first who obtained the oil of turpen- 


tine. He procured it by distilling turpentine, and employed it as a solvent 
of resins. 
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Dr. Black, by repeated distillations off muriate of lime, ob- 
tained it as low as*800; but it was Lowitz of Petersburgh who 
first hit upon a method of obtaining alcohol in a state of ab- 
solute purity, or at least very nearly so. His process was pub- 
lished in 1796 ;* and the same year Richter made known ano- 
ther, by which the same purification was accomplished with 
still greater facility. 7 

The process of Lowitz is as follows: take a quantity of fixed 
alkalit perfectly dry, and still warm, and nearly fill with it a 
retort. Upon this pour such a quantity of alcohol (previously 
brought to ‘821 by means of salt of tartar) as can be absorbed 
by the alkali completely, so that the whole shall have the ap- 
pearance of a solid mass without any alcohol swimming above. 
In general, the portion ought to be two parts alkali and one 
part alcohol. Allow this mixture to remain for 24 hours, and 
then distil by a heat so moderate, that about two seconds 
elapse between the falling of the drops of aicohol from the 
beak of the receiver. When this interval increases, the re- 
ceiver must be changed; for it is a sign that all the strong 
alcoho] has come over. What comes over next is weaker. 
By this process Lowitz obtained alcohol of the specific gravity 
0°791 at the temperature of 68°. 

When Richter repeated the experiment of Lowitz, he re- 
duced the alcohol to the specific gravity 0'792 at the tempera- 
ture of 68°, but could not bring it any lower. He found, upon 
trial, that the following method, which is much more expedi- 
tious, answered equally well with that of Lowitz: he exposed a 
quantity of the salt called muriate of lime toa red heat, reduced 
it to powder, and introduced it while yet warm into a retort, 
and poured over it at intervals a quantity of alcohol, of 0°821, 
nearly equal to it in weight. A violent heat was produced, 
The retort was put upon a sand-bath, a receiver adjusted, and 
the Jiquid made to boil. The salt was dissolved, and formed 
with the alcohol a thick solution. The portion that had passed 
over into the receiver was now poured back, and the whole 
distilled by a gentle boiling nearly to dryness. The alcohol 
that came over was of the specific gravity 0°792 at the tempe- 
rature of 68°. 

2. Alcohol obtained by‘ these processes is a transparent li- 


* Crell’s Annals, 1796, 1.195. +Tbid. 11,211. 
{ F presume in the state of carbonate. 
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quor, colourless as water, of a pleasant smell, and a strong subaiv.vt. 


penetrating agreeable taste. When swallowed it produces intox- 
ication. Its properties differ somewhat according to its strength. 
When procured by Lowitz’s or Richter’s process, we may 
distinguish it by the name of pure alcohol, or absolute alcohol, 
as no method known can deprive it of any more water. When 
the specific gravity is higher, the alcohol is contaminated with 
water, and the proportion of that liquid present increases with 
the specific gravity. Chemists, in general, have employed 
this impure alcohol, or this mixture of alcohol and water, in 
their experiments; and as they have too often neglected to 
point out the specific gravity of the spirit used, we are still in 
some measure ignorant of the properties of this important 
liquid.* 

3. Alcohol is perfectly limpid and remarkably fluid, and it 
may be exposed to a lower temperature than any other known 
substance without losing its fluidity. Mr. Walker of Oxford 
reduced an alcchol thermometer to the temperature of — 91° 
without producing any change in it. But Mr. Hutton of 
Edinburgh announced in 1813, that he had been able to 
freeze it by exposing it to a cold of — 110°. The alcohol 
employed by him was of the specific gravity 0.798 at the tem- 
perature of 60°. He says that the alcohol divided into three 
layers. The uppermost was yellow, the undermost was alco- 
hol. What the middle one was he does not say.+ But as 
Mr. Hutton has thought proper to conceal the method which 
he employed, and as no one else has been able to produce so 
great a degree of cold, the freezing of alcohol must still be 
considered as doubtful. 


* Fahrenheit was one of the first who ascertained some of the remarkable 
properties of alcohol with exactness. His alcohol was of the specific gra- 
vity °825 at the temperature of 48°, See Phil. Trans. 1724, vol. xxxiii. p. 
114. Fourcroy informs us that the specific gravity of the most highly rec- 
tified alcohol is 0°8293, without specifying the temperature. The extremity 
of Baumé’s hydrometer for spirits, (according to Nicholson’s table, Quarto 
Jour. i. 39), answers to the specific gravity ‘817, temp. 55°. This may be 
considered as beyond the strength of the alcohol used. In Germany, before 
Lowitz’s experiments, the strongest alcohol seems seldom to have exceeded 
0°821 at 68°; and in this country it is commonly considerably weaker. The 
highest point of Clark’s hydrometer corresponds with alcohol of about -834 


at 30°. Dr. Lewis states the purest alcohol of the specific gravity 0°820,— 
Neuman’s Chem. 


t Annals of Philosophy, i, 221. 
VOL, II. ¥ 
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It is a very volatile liquid. Fahrenheit found that alcohol 


Division | of the specific gravity of about 820, at the temperature of 


Combina- 
tion with 
water. 


60°, boiled when heated to 176°.* When of the specific gra- 
vity °800 it boils at 1734°. At this heat it assumes the form 
of an elastic fluid, capable of resisting the pressure of the at- 
mosphere, but which condenses again into alcohol when that 
temperature is reduced. In a vacuum it boils at 56°, and 
exhibits the same phenomena: so that were it not for the 
pressure of the atmosphere, alcohol would always exist in the 
form of an elastic fluid, as transparent and invisible as com=- 
mon air. This subject was first examined with attention by 
Mr. Lavoisier.+ The fact, however, had been known long 
before. ‘The specific gravity of the vapour of alcohol accord- 
ing to the experiments of Gay-Lussac is 1:6133.{ I believe 
the true specific gravity to be 1°6000. 

4. Alcohol has a strong affinity for water, and is miscible 
with it in every proportion. The specific gravity varies ac- 
cording to the proportion of the two liquids combined; but, 
as happens in almost all combinations, the specific gravity is 
always greater than the mean of the two liquids ; consequently 
there is a mutual penetration: and as this penetration or con- 
densation varies also with the proportions, it is evident that 
the specific gravity of different mixtures of alcohol and water 
can only be ascertained by experiment. As the spirituous li- 
quors of commerce are merely mixtures of alcohol and water 
in different proportions, and as their strength can only be as- 
certained with precision by means of their specific gravity, it 
becomes a point of very great importance to determine with 
precision the proportion of alcohol contained in a spirit of a 
given specific gravity: and as the specific gravity varies with 
the temperature it is necessary to make an allowance for that 
likewise. 

The importance of knowing with precision the proportion 
of alcohol contained in spirits of every specific gravity, has 
induced many different persons to make experiments in order 
to ascertain this point with exactness; but as they set out 
from alcohol of very different strengths, it 1s not easy to com- 
pare their results with each other. We have seen that the 
pure alcohol, by Lowitz’ process, is of the specific gravity ‘791 


* Phil. Trans. 1724, vol. xxxili. p. 1. + Jour. de Phys, 1785. 
+ Ann. de Chim. et Phys. 1. 218. 
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at the temperature of 68°. That chemist mixed various pro- Subdiv. vr. 
portions of this alcohol with given weights of pure water, and Seg 
after allowing the mixtures to remain for 24 hours, took the 

specific gravity of each at the temperature of 68°. The fol- 

lowing table exhibits the result of these experiments. The 

first two columns contain the proportion of alcohol and water 

(in weight) mixed together, and the third the specific gravity 

of the mixture at 68°. I have added a fourth column, con- 

taining the specific gravity at 60°, the temperature commonly 
preferred in this country.* 


 Crell’s Annals, 1796, i. 202. 
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100 Parts. 


Alcoh, | Wat. 
100.) = 
99 1 
98 2 
97 | 38 
96 4. 
95 5 
94 6 
O84 07 
92 8 
91 9. 
90 | 10 
89 | ll 
88 | 12 
87 a3 
86 | 14 
85 | 15 
$4 | 16 
83 | 17 
82 | 18 
$1 | 19 
80 | 20 
79 | 21 
78 22 
MI 2e 
76 | 24 
75 | 25 
74 | 26 
To |e 
72, | 28 
7129 
70 | 30 
69 | 31 
68 | 32 
67 | 33 
66 | 34 
65 | 35 
64 | 36 
637°S7 
62 | 33 
61,189 
60 | 40 
59 | 41 
58 | 42 
57 | 43 


oars | gn Se 


Sp. Gravity. 


at 68°, 


791 
794: 
184 
800 
803 
805 
808 
811 
813 
816 
818 
821 
823 
826 
828 
831 
834 
836 
839 
842 
844 
847 
849 
851 


reece 


at 60°. 


oe 


796 
798 
801 
804 
807 
809 


100 Parts. 


Alcoh. | Wat. 


Sp. Gravity. 
at 68°. | at 60°. 
903 | 906 
905 | 908 
907 | 910 
909 | 912 
912°| 915 
914 | 917 
917 | 920 
919 | 922 
921 | 924 
923 | 926 
995 | 926 
927 | 930 
930 | 933 
932° 4°935 
934 | 937 
936 | 939 
938 | 941 
940 | 943 
942 | 945 
944 | 947 
946 | 949 
948 | 951 
950 | 953» 
952.| 955 
954 | 957 
956.1756 
957 | 960 
959 | 962 
961*| 963 
968°; 965 
965 | 967 
966 | 968 
968 | 970 
970 | 972 
971 | 973 
ie lore 
974 | 975 
976 
O77 
978 
980 
981 
983 
985 
986 
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~ Subdiv. VI. 
100 Parts. Sp. Gravity. 100 Parts. Sp. Gravity. Chap. f, 
Alcoh.| Wat. | at 68°. aun 60°. |} Alcoh. | Wat. | at 68°, | at 60° 
10 | 90 | 987 4 | 96 | 995 
9 | 91 | 988 3 | 97 +:997 
8 | 92.1 989 2 | 98 | 998 
7 | 98 | 991 1 | 99 | 999 
6 | 94 | 992 — j100 {1009 
5 | 95 | 994 


Mr. Tralles of the Berlin Academy published an elaborate 
set of experiments upon this subject in the year 1811.* The 
following table which exhibits the result of his experiments, 
I consider as deserving to be generally known, though, as he 
used volumes instead of weights, his experiments cannot be 
expected to possess the accuracy of those of Mr. Gilpin, which 
I shall give afterwards. 


100 measures 100 measures Tralles’s 


Sp. gravity Sp. gravity 


yeah tens, Differences. — Nd Es, Differences. table. 
0 0:9991 fs: O27 0:9679 10 
1 09976 | 15 |. 28 09668 | 11 
Z 0°9961 $5 29 0°9657 Li 
3 0°9947 14. 30 0°9646 11 
4: 0:9933 14 $1 0°9634 12 
5 0°9919 14 32 0°9622 12 
6 0°9906 13 oa 0°9609 13 
a 0°9893 13 34 0°9596 13 
8 0°9881 12 35 0°9583 Lo 
9 0°'9869 12 a 0°9570 13 
10 0°9857 12 37 0°9556 14: 
11 0°9845 12 38 0°9541 15 
12 0°9834 11 39 0°9526 15 
13 0°9823 1] 40 0°9510 16 
14 0°9812 hI 4] 0°9494 16 
15 0°9802 10 4D 0°9478 16 
16 0:9791 iI rs) 0°9461 Lf 
17 0°9781 10 4.4: 0'9444 17 
18 0°9771 10 AS 0°9427 17 
19 0:9761 10 Vv) 46 0°9409 18 
20 0°9751 10 AT 0°9391 18 
21 0°9741 10 48 0°9373 18 
22 9731 10 49 0°9354 19 
23 0°9720 11 50 0°9335 49 
24 0°9710 10 51 0°9315 20 
25 0°9700 10 52 0°9295 20 
26 0°9689 ll 53 0°9275 20 


* Gilbert’s Annalen, xxxvill. 369. 
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100 measures Sp. gravity 100 measures Sp. gravity 


eo , hed at #0*. Differences. -. "a pote Differences. 

54 0°9254 21 78 0°8685 27 
55 0°9234 20 79 0°8658 27 
56 0°9213 21 80 0°8651 27 
57 0°9192 22 81 0°8603 28 
58 0°9170 22 82 0°8575 28 
59 0°9148 22 83 0°38 547 28 
60 0°9126 22 84 0°8518 29 
61 0°9104 22, 85 0°8488 30 
62 0°9082 22 86 0°8458 30 
63 0°9059 23 87 0°8428 30 
64: 0°9036 23 88 0°8397 31 
65 0°9013 23 89 0°8365 32 
66 0°8989 24 90 0°8332 33 

7 0°8965 24 s) | 0°8299 33 
68 0°8941 24 92 0°8265 34: 
69 0°8917 24: 93 0°8230 35 
70 0°8892 25 94: 0°S194 36 
aa 0°8867 25 95 0°8157 37 
Te 0°8842 25 96 0°8118 39 
a3 0°8817 25 97 0°8077 41 
74: 0°8791 26 98 0°38034 43 
75 0°8765 26 99 0°7988 46 
76 0°8739 26 100 0°7939 AQ 
17 0°8712 a7 | 


The importance of this object, both for the purposes of re- 
venue and commerce, induced the British Government to em- 
ploy Sir Charles Blagden to institute a very minute and ac- 
curate series of experiments. An account of these was pub- 
lished by Blagden in the Philosophical Transactions for 1790; 
and a set of tables, exhibiting the result of them, was drawn up 
by Mr. Gilpin, who had performed the experiments, and pub- 
lished them in the Philosophical Transactions for 1794. The fol- 
lowing table, extracted from these, contains the specific gravity 
of different mixtures of alcohol and water at every 5° of tem- 
perature from 30° to 100°. The alcohol employed as a stan- 
dard was of the specific gravity 0°825 at the temperature of 
60°; and was composed, according to the experiments of Mr. 
Gilpin, of 100 parts of alcohol of the specific gravity 0°814 
and 4°5 of water. From the preceding table, we see that alco- 
hol of +825 is composed of 

89 pure alcohol 
1] water 
“100 


327 


° 
— 
> 
= 
= 
E=) 

s 
7] 


ALCOHOL. 


a) 
a 
4 

a 

e 


1Z~L8 | 64898 | 0898 | 889E8 | 180¢8 | 8067S S1988 | 66968 | LE9T8 , 8FYO8 | OOT 
$G9L8| FLIL8| SFE9S | 8G6SS | GLGES | OFS78 69168 | LL868 | OOGI8 | F6L08 | G6 
68818 | 09648 | 48498] SLI98 | 8ISE8 L6L¥8 | LOOFS | 9BIS8 | OFIZ8 | FHOTS | 06 
OZI88 | O6E18 | 14048) ITV98 16198 | 96098 | S¥GPS | 14668 | 96668 | T6GI8 | 98 
10688 | 91418 | 86648 | BG998 ; 99698 943293 | LOPS | 60968 | 16968 | OSST8 | 08 
86988 | 81088 | 99VL8| ¥9898 | GI1Z98 | 96TS8 OIL'S | 19868 | 84828 | O8L18 | GL 
6LL88 | $9688 | GOLL8 | GOTL8 | IS¥98 96198 | IS6h8 | Z60b8 | POLES | 660G8 , OL 
90068 O6F88| $8648 LEEL8) 98998 | 94698 66198 | PEEPS | GIEER | G9GG8 | C9 
66668 | 03488 | 69188, 69948) S698 | 80698 OSbSs8 | 8S9SFS | 66968 | 00LG8 OY 
89468 | Gh688 | S688, 96448) OFIL8| IPP98| 19948 GOSS | VE8E8 | 9ELG8 | GS 
¥8968 L168 92988 | 0S088| F848} 94998 | GO6E8 | SvOS8 9L0¥8 | LL668 | OS 
60668 | 96868 | 6F888| S988) SI9L8 | 0698 | TS198 LLGGS | OLSHS | FIGES | SY 
LZ106 | L1968| $4068 | T8t88| 8S8L8| F6TL8 19698 | LOGS8 | 6698 | SHHES | OF 
CFS06 | 66868 | 16Z68| 10488 | 69088, 49848 18998 | 66498 | 69L¥8 | GL9E8 | SE 
89906-| ¥9006-| LIG68-| 1Z688.| G8688.-, ESGLS-| 9G898.| LG698-| 6678. 96868- 06 


ome | ome es | 


oyoory |, 
aing 


"IOV CF °I9}eM OF *JOyeA CFE *IDJBA OF e1aJEM GS *TaqeM OF *1ayJeM GT "IOFEM OT e1dJUM G 
[oyoo]e OT} LOYOoTe OOT| ToyooTe OOT| LOMO OT) Loqoo|e OUT Toqool” OT] LOYOOE OOT] TOYooTe OOT, [ogorje OOT 


| | 


ne a a el ee 


789K 


‘saunpoiadua y, quasaffip ayy 4D sarpiaDnas) oufroads [09H 


328 


COMPOUND COMBUSTIBLES. 


nee 


990T6 
06616 
[TSt6 
6EL16 
T6816 
IT166 
S&666 
9FS66 
89166 
69666 
LLIE6 
6866 
66966 
061466 
[666. 


ee) 8S eee | oeeen on cree! on 


*JQJVM EG 


$0506 
66016 
StGI6 
SOFT6 
66916 
GPSS 
69066 
68466 
66466 
LOLG6 
61666 
TS1&6 
LPSE6 
TPSE6 
IPLEG: 


*1aJUM OG 


TOqoo[e OOT} [oqoo]® OO] 


Book If. 
Division J, 


66906 
L¥L06 
19606 
9STI6 
OFS 16 
69916 | 
S6LI6 | 
OTO0G6 
C6636 
96736 
L965 
62866 
GLOSEB 
PLESE6 
VLPS6-| 


*I9VBM OS 
jOyooje OOT 


! 


61606 
SEV06 
89906 
48806 
9F0I6 
OLZ16 
S6F16 
SILI6 
$8616 
ShLGG 
89666 
OLS966 
68166 
98626 
6186: 


“TQJEM OS 


68868 
61106 


6VE06 | 


89906 
66106 
69606 
I8LI6 
OOFI6 
66916 
LE8SI6 
19066 
V9GG6 
9L 466 
08966 


68866. 


*IQJEM CL, 


96968 
69468 
88668 
60606 
[806 
L1906 
L¥806 
990T6 
L8Z16 
GOS T6 
6416 
LE616 
IS1T66 
GSES66 
69°66. 


8fT68 
O6€68 
41968 
&V868 
T6006 
©2606 
P8TO6 
40406 
16606 
PVIIG 
OL616 
V8ST16 
66416 
60066 


"aye OL, "12}2M GQ 


1OYO1 OOT] [ogoosye OUT} oyooJe OOT 


LOGOO1e OOT| [Yoo VOT) LoYorye COT 


69188 
60068 


O&668 | 


O9F68 
66968 
6L868 
POTOG 
86606 
67906 
89L06 
16606 
T1616 
S6P 16 
OF9TE 


L1GG6.| LPSI6. 


*19JBM 09 


LSE88 
88988 
L1888 
64068 
[6668 
vOP68 
[6968 
06668 
VLOG 
19606 
96206 
61806 
96016 
T¥G16 
OPTIG- 


*191UM GG 


‘saunjosaduay, quasaf{ip ay, yo sapiansy oyfisads yoay 


ST6L8 | OOI 
9F188 | 96 
91688 | 06 
s098s | gg 
18288 | 08 
S068 | $2 
SSE68 | OL 
6LPG68 | $9 
L0L68 | 09 
68668 | $¢ 
09106 | 0g 
08806 | oF 
96906 | OF 
11806 | ¢¢ 


*JaJeM OG 


TOqooje OOL 


66016: | .0€ 


eid s | 


ALCOHOL. 


S9L46 
LS6¥6 
66196 
ST&S6 
S6PS6 
699S6 
16896 
66696 
69196 
G1S96 
OLF96.- 


“19jeM OOT 
joyooye 9g 


[&%6 
56976 
E1876 
00096 
I81¢6 
LGSS6 
PESI6 
GOLS6 
61896 
87096 


‘60696. 


“aayemM OOT 
joyoore Ov 


GOLF6 
LOS *6 
O09 66 
68906 
9L8b6 
LG096 
SV6I6 
66096 
60926 
6LL96 
VP6G6- 


"1932 GOL 
joqooye ¢9 


SOTP6 
88616 
6196 
LOLYE 
8S6F6 
SP 196 
86696 
60996 
1896. 


SSLE6 
68666 
Zi 
arn ica 


"IIJBM ODOT 
foqooje OL 


88t66 
[6966 
86866 
66076 
96676 
98t6 
S896 
IL 8%6 
09096 
9F6I6 
66PS6- 


“19328 OOT 


joqooe Gy, 


L0G&6 
SlhE6 
91966 
66866 
STOVE 
STG6VG 
PLVP6 
GO9F6 
GO8F6 
88616 
GL 1S6- 


erayeM OOT 
joyooye 08 


11666 
66 166 
LEES6 
9PSS6 
6PLE6 
8h6E6 
6TL 6 
StS T6 
LYSh6 
PELV6 
OG6¥6: 


“JOM YOL 
[oyooye gg 


97966 
S9866 
9L066 
$8666 
S67S6 
96966 
16866 
96076 
[6676 
VSPT6 
GLOVE: 


*IIJEM OOTL 
[oyoore 0G 


66666 
& 1966 
86866 
OFOEE6 
LV6S6 
OSTEG 
89966 
09866 
SSOFG 
GPOPV6 
LEVPG- 


*Ta7eM OOL 


JOqoo]B G6 | [OYOO® OOT 


*19}EM OOT 


OLST6 
ISG16/ £6 
IgGL16 | OG 
69616 |; G8 
6bLG6 | O8 
P9EGG | GL 
OS9Z6 | OL 
P6L66 | G9 
G0066 | O9 
806E6 | SF 
61FE6 | OG 
16966 | SV 
L68SS6 | OF 
CZOTE | GS 
ZGOV6:| (06 


eon 


ica ida SR ae te Sa Rae ae Re de sce cian I rink fad eca Teee iek Carnes 


‘saanqosaduay, quaaffip ayy 7p saipawagy oifivadg joay 


COMPOUND COMBUSTIBLES. 


330 


a aa a 


16686 | 19686 | $4816 | S8EL6 £9696 89296 | G6I9G | 93896 | LOFGE | TITI6 | 08 
99066 | P2486 | SV6LE | S6FL6 | 98016 | 80L96 | PEEING | L86S6 | 8E996 | 6496 | SL 
VST66 | LGS86 | 84086 | 96916 | €0GL6 | 96896 | H8F96 | SFI9G | ZO8GE | 6996 | OL 
FOI66 | V6S86 | 9OTSG | 889L6 | 608146 | 69696 | 0Z996 | 8896 | 966 | FE9G6 | G9 
VVG66 | P2986 | OLT86 | TALLE | OLTPLE | FLOLE | SELIG | LEFIG | GZI9G | O86 | O09 
V8666 | GOL86 | 66686 | L816 | 00946 | T8IL6 | 11896 | L996 | 614396 | 99696 | gS 
91666 | GPL86 | 66286 | OGGLE6 | 68916 | F86L6 | S6696 | 80496 | NGFIG | 9B196 | OS 
8666 | PLL86 | 86686 | O86L6 | 99916 | F8EL6| OLIL6 | OF89G | 9S96 | 08G96 | SF 
9VS66 | G6L86 | &LE86 | E086 | LELL6 | GLELE | 06346 | 19696 | 90L96 | FEF9G | OF 
VPS66 | FO886 | L6E86 | 9L086 | 10846 | 99916 | 6IEL6 | 980L6 | OF896 | 6LE9G | FE 
VES66-| VO886-| GLIP86-| SOL86-| O98L6.; SE9L16-; SIFL6-| 00GL6-| L9696-| 61L96-|,0E 


“19jeM OOT | “19}VA OOT | °1907e4 OOT | *19}EM YOT | *19}2M OOT | °1972M OOT | *19IVA OOT | *197eM BOT | *107eA OOT | *19IVA OOT "WvaH 
foyooe J | [oyooye OL | yoyooye GL | foyooye us | yoyooye ge | joyooe OF | [oyooTe gE | foyooze OF | JoyooTe gH | joyoo[e OF 


‘saunqnuaquay, quaiaf{ip ay) 70 sapansey oyfioads yoay 


Book If, 
Division I. 


ALCOHOL. 331 


By the excise laws at present existing in this country, the subaiv. v1. 
duty on spirits is levied by the bulk, estimated at a particular , peo, 
strength, to which all spirits of whatever strength are brought 
by means of a set of tables calculated.’ This strength is re- 
gulated by a very inconvenient hydrometer, invented in 1730 
by Mr. Clarke,* since which time it has undergone various 
changes and improvements. ‘This instrument was adapted to 
a very absurd kind of language, which had previously come 
into common use among dealers, and seems from them to have 
made its way into the excise laws. A mixture of equal bulks 
of alcohol and water was called proof spirit, and sometimes 
double spirit. Clarke’s hydrometer consists of a thin copper 
ball, terminating above in a fiat, slender stem, and below, in a 
metallic button, to keep it perpendicular. It is so light as to 
swim in pure alcohol. There is a mark upon the middle of 
the stem; and small weights accompany the instrument, to be 
put on in order to suit the various temperatures of the liquid. 
There is a weight marked proof, so adjusted that when it is 
placed upon the stem along with the proper weight for the 
temperature, the stem sinks till the mark on the middle of it is 
on a level with the surface of the liquid. 

From an act of parliament passed in 1762, we learn that, at 
the temperature of 60°, the specific gravity of proof spirit ought 
to be 0°916. But Clarke’s hydrometer, loaded with the pro- 
per weights, sinks to the mark indicating proof in spirits of 
the specific gravity 0°920, at the same temperature. From the 
table of Lowitz, given above, we learn that a mixture of equal 
weights of water and pure alcohol has the specific gravity -917 
at 60°. The legal proof spirit differs but little from this; 
Clarke’s proof consists of 49 parts of pure alcohol and 51 of 
water. ‘The near coincidence of these numbers to the truth 
indicates a considerable approach to accuracy. Had Sir Charles 
Blagden made choice of an alcohol of :800 for his standard, 
the specific gravity of proof spirit would have been found to 
deviate very little from that of Clarke. But if by proof spirit 
were to be understood equal bu/ks of water and alcohol, as 
was doubtless the case, then both the legal and Clarke’s proof 
differ very far from the truth. 

The strength of spirits stronger than proo/, or over-proof, as 
it is termed, is indicated on Clarke’s hydrometer by the bulk 
of water necessary to reduce a given bulk of spirits to the spe- 


* See the first description of it in Phil. Trans, 1730, vol. xxxvi. p. 277. 
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Book 1. Cific gravity denominated proof. ‘Thus, if one gallon of water 
cree? be required to bring 20 gallons of the spirits to proof, it is said 
to be one to 20 over-proof; if one gallon of water be necessary 
to bring 15, 10, 5, or 2 gallons of the spirits to proof, it is said 
to be 1 to 15, 1 to 10, 1 to 5, 1 to 2 respectively, over-proof, 

and so on. 

The strength of spirits weaker than proof, or under-proof, 
is estimated by the quantity of water which it would be neces- 
sary to abstract, in order to bring the spirits in question up to 
proof. Thus, if from 20 gallons of the spirits one gallon of 
water must be abstracted to bring it to proof, it is said to be 
one in 20 under-proof; if from 15, 10, 5, 2, &c. gallons of the 
spirits, one gallon of water must be abstracted to bring it to 
proof, it is said to be respectively 1 in 15, 1 in 10, 1 in 5, 1 in 
2, &c. under-proof, 

The following table points out the specific gravity of spirits 
of the various strengths indicated by Clarke’s hydrometer at 
the temperature of 60.* 


Decrees of Degrees, Sp. gravity. | Degrees. Sp. gravity. 
i DA Bees. hes ee 9644: Ts Ua renan i toa, ate 9162 
i I— 8.. sats eg Oe a he ee a ee ee 9135 
Pree A eae 9458 L110 ats % ° SIOF 
Pe re cae ee 942 a ee ee 9095 
Bie GS Bek eh Oe 9385 Biase BG Mes ie $071 
i eet 7 Lae. Chau .» 9364 Bi HOF MEN, sick ». 9047 
Dre Bic} ue Me wis eS 9344 ape Ov. Pup need 9006 
I[— 9 © eiponeierees Ce eae me PC tee <a eae 8961 
Deed OS eile! ons cise Boo) ii ees We oa Pe ket a 8913 
1 ees te SL ae As) AR oe Rs ie mPa eh 8817 
FO Fits ae fase 9265 Bee ak COON Uh $590 
rar. te Nee. 5 200. “Alcohol Say Se ae 8338 


To remove all confusion from the duties on spirits, they ought 
to be levied by the weight, and not by the bulk. This might 
be done with sufficient accuracy either by actual weighing, or 
by constructing tables indicating the weight from the bulk and 
specific gravity. 

The importance of this subject induces me to give one more 
table on account of its utility. It exhibits the specific gravity 
at every degree of temperature from 30° to 80° of a mixture 
of 100 parts of Gilpin’s standard alcohol, and 65°6486 parts 
of water by weight. This mixture constitutes spirits 8 per 
cent. above-proof, according to the language of Sykes’ h ydro- 
meter, or 1 to 10 above-proof by Clarke. 

* Wilson’s Tables, p. 1. 
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Temp Sp.gravity. |Temp. Sp. gravity. | Temp. Sp. gravity.| Temp. Sp. gravity. 
30° 0°92206 | 43° 0°91659 | 56° 0°91090 | 69° 0°90519 
31 0'92165 | 44 0O°91616 | 57 0°91046 | 70 0°90474 
32 0:92124 | 45 0°91573 | 58 0°91003 | 71 0°90428 
a 0°92082 | 46 0:91531 | 59 0°90960 | 72 0°90382 
34 0:92040 | 47 0°91488 | 60 0°90917 | 73 0°90336 
35 ~0°91998 | 48 0°91445 61 0°90873 | 74 0°90290 
36 0°91956 | 49 0°91403 | 62 0°90829 | 75 0°90243 
37 0°91914 | 50 0°91359 63 0°90785 | 76 0:90197 
38 091872 | 51. 0°91314 | 64 0:90741'} 77. 0:90151 
39 0°91830 | 52 0°91269 | 65 0.90697 | 78 0°90104 
40 0°91788 | 53 0°91224 66 0°90653 | 79 0°90058 
4] 0°91745 | 54 67 0°:90609 | 80 0:90012 
4D O9Ol'702 | 55 0°90564 


0-91134 | 68 
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5. Neither common air nor oxygen gas soe: any action ON Action of 
alcohol in moderate temperatures, yi ame in the liquid or ga- 
seous state; but in high temperatures the case is ion es 


When set on fire in the open air it burns all away with a blue 


flame, without leaving any residuum. Boerhaave observed, 
that when the vapour which escapes during this combustion is 


collected in proper vessels, it is found to consist of nothing but 
Junker had made the same remark: and Dr. Black 
suspected from his own observations, that the quantity of water 
obtained, if properly collected, exceeded the weight of the al- 
cohol consumed. ‘This observation was confirmed by Lavoi- 
sier ; who found that the water produced during the combus- 
tion of alcohol exceeded the alcohol consumed by about ith 
part.* Mr. Saussure junior has shown that 100 parts of alco- 
hol when burnt yield 132 parts of water.t A proof that it con- 


water. 


tains a considerable proportion of hydrogen as a constituent. 


When the vapour of alcohol is Ley with oxygen gas in 
the proper proportion, the mixture detonates when piesented 
to a lighted taper, or when fired by electricity, as a mixture of 
oxygen and hydrogen gases do. 
first observed by Dr. Ingenhousz, or at least his experiments 
on ether appear to have led toit.t The density of the vapour 
of alcohol is considerable, and hence the quantity of oxygen 
necessary to consume it is great. 


This fact seems to have been 


bustion are water and carbonic acid. § 


* Mem. Par. 1781, p. 493. 


3 


The products of the com- 


+ Nicholson’s Journal, xxi. 263. 
t+ See his Experiences et Observations sur divers Objets de Phys, p, 173. 
§ Cruikshank’s, Nicholson’s Quarto Jour. v, 205. 


air and oxy- 
gen on al- 
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6. Alcohol has but little action on the simple combustibles. 
On hydrogen, carbon, and charcoal, it does not appear to have 
any effect. 

It dissolves a little phosphorus when assisted by heat. This 
phosphorized alcohol exhales the odour of phosphuretted hy- 
drogen gas. When a little of it is dropped into a glass of 
water, a flame instantly makes its appearance, and waves beau- 
tifully on the surface of the water.* ‘This phenomenon, which 
is occasioned by the emission of a little phosphuretted hydro- 
gen gas, can only be observed when the experiment is per- 
formed in a dark room. 

When sulphur and alcohol are brought into contact in the 
state of vapour, they combine and form a reddish coloured li-. 
quid, which exhales the odour of sulphuretted hydrogen. This 
compound was first formed by the Count de Lauraguais, who 
employed the following process. Some flowers of sulphur were 
put into a large glass cucurbite, having a glass vessel in its 
centre, containing alcohol. A head was adjusted, the cucur- 
bit placed in a sand-bath, and heat applied. The sulphur 
was volatilized, and the alcohol converted into vapour at once. 
These meeting together in the head, united and formed the 
red liquor wanted.t It was supposed by chemists that su)phur 
cannot be dissolved in alcohol, except by a similar process; 


but from the experiments of Favre, this does not’ appear to be 


the case.§ He digested, during 12 hours, 1 part of flowers of 
sulphur in 8 parts of alcohol, of the specific gravity 0°837, in 
a heat not sufficient to produce boiling. The alcohol assumed 
a yellow colour, and acquired the smell and taste of sulphur- 
etted hydrogen. Another portion of the same alcohol was di- 
gested for a month, cold, on sulphur. ‘The effect was the same. 
On trying alcohol of various strengths from °817 to °867, he 
found, that the alcohol acted with more energy in proportion 
to its strength. 

The sulphuretted alcohol prepared by Lauraguais’ method 
contains about z!;th of sulphur. The sulphur is precipitated 
by water. 

7. Alcohol dissolves the fixed alkalies very readily, and forms 


* Brugnatelli, Ann. de Chim. xxiv. 71. This experiment was first made 
by Boyle. See Shaw’s Boyle, iii. 196. 

+ Mem. Par. 1758, p. 9. 

} See the Elemens de Chymie of the Dijon Academy, iii. 287. Fourcroy’s 
Connoissances Chymiques, viii. 

§ Gehlen’s Jour. 1. 343. 
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with them a reddish-coloured acrid solution. It is from this Subiiv. vi. 
solution only that these alkalies can be obtained in a state of sep 
purity. When heat is applied to it the alcohol may be dis- 

tilled over. It appears however, to be partly decomposed ; 

but the nature of the products has not been accurately ascer- 

tained. Ammonia also combines with alcohol with the assist- 

ance of heat: but at a temperature somewhat below the boil- 

ing point of alcohol, the ammonia flies off in the state of gas, 
carrying with it, however, a little alcohol in solution. 

8. None of the earths are acted upon by alcohol, unless Earths, 
strontian and barytes be excepted. It absorbs about its own 
weight of nitrous gas, which cannot afterwards be expelled by 
heat.* 

9. Of the acids, the sulphuric and nitric decompose alco- Acids, 
hol; but all the other acids are soluble in it, except the me- 
tallic acids, and phosphoric acid. 

10. Alcohol is capable of dissolving a great many saline bo- sats. 
dies. A considerable number of these, with the quantities so- 
luble, is exhibited in the following tables.+ 


I. SUBSTANCES DISSOLVED IN LARGE QUANTITIES. 


Names of the substances. ee pire 
Persulphate of iron 
Nitrate of cobaltt ..... SRAM "ER SL IRA -1240 parts 
Copperf seceeesces 54°5 wwe §=—240 
abana f gsm k a GES eke EO 
i Se bas ches 200 
Wegnestat .<. <4 ss 1380'S oe 69H 
Muriate of zinct...... Bieta DAO aetye oe SEU 
MUON T ab. ss § os 54°25. 4 inn 240 


magnesiat ©...+.+ 180°5 «... 1313 


WOW di nb nce pee bOO Ornate. 240 
copper iii yf. hes 180°5 «4.5 240 
meetate of; lead) ey yi. so. ee ty oe ee 240 
copper § 
Nitrate of zinc decomposed + 
iron decomposed + 
bismuth decomposed + 
* Priestley, i. 379. + Morveau, Jour. de Phys. 1785. 


§ Withering, Phil, Trans. Ixxii. 336. 


336 


Book Il. 
Division I. 


COMPOUND COMBUSTIBLES. 


II. SUBSTANCES DISSOLVED IN SMALL QUANTITIES, 
240 parts of Alcohol 


Names of the Substances, at the boiling tempera- 
ture dissolve 
Muriate of lime+....... sos he tet 2EO Dates 
Nitrate’of atnitiomia’t es 214 
Corrosive sublimate ......... aly ye 
SUCCIMC ARNT... ore hee fee 177 
Acetate of sodat ...... OF Fe OTS 
Nitrate Or suvert 1.220 se dee. see OO 
mefhited supart .. 2.0.2... spa eg, 
MVOTACIC HCHIT snide chs fee tec ee 4,8 
Mitrave OF SUUAT ss oss wes ec be ha 23 
PVCCtAle OL. COMDEE TG. ei, so ox ee 
Muriste of amniioniay ss. 17 
Afseniate’ of potash ...,-....- 9 
Oxalate'or potash Ty eces ve. ts ah Daw 
Nitrate ol pdiaen yt. wees ee ene 
Wrurtate of potash)... ).... erg ed 
Arseniate of soda i... 0. . ee 4 
White oxide of arsenict........ 3 
POITALe OL POLST. .Gsacssceee E 


Nitrate of lead§ 


Carbonate of ammonia§ 


III. SUBSTANCES INSOLUBLE IN ALCOHOL. 


Sugar of milk Sulphate of potash + 
Boraxt sodat 
Tartar t magnesia t 
Alum t Sulphite of soda 
Sulphate of ammoniat Tartrate of soda and pot- 
lime ash 
barytes § Nitrate of mercuryf 
iron Muriate of lead + 
coppert silver f 
silver ¢ Common salt ¢ 
mercury Carbonate of potash 
zinc | soda 


These experiments were made chiefly by Macquer and Wen- 
zel.* The alcohol employed by Macquer was of the specific 


* Verwandtschaft, p. 300. The solubility of all the salts marked + was 
ascertained by Wenzel ; those marked}, by Macquer ; and those marked §, 
by Withering. 
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gravity 0'840. Wenzel does not give the density of his alco- 
hol; but as he compares it with that of Macquer, we may sup- 
pose it nearly of the same strength. As the solubility of salts 
depends upon the strength of the alcohol employed, the expe- 
riments of these chemists must be considered as defective, be- 
cause they have confined themselves to one particular density. 
This defect is in part supplied by the following very valuable 
table of Mr. Kirwan’s, constructed from his own experiments.* 


Soiubility of Salts in 100 parts of Alcohol of different Den- 


sities. 


Alcohol of 


eee 


Salts. a 


shania 0°872Z 0.848 | 0°834| 0°817 


a 


LLL SS | SS ES Sees ee SSS ee 


Sulphate of soda 0: | 0° 0° | 0: O° 
Sulphate of magnesia | 1° A mika or 0° <i aoa 
Nitrate of wbtedl ° 2°76 ry Ie ts Cela igiaog:: O° 
Nitrate of soda 10°5 ay ha Sean. dena 
Muriate of potash eR 4°62 “166 _ hese 0:38 O° 
Muriate of soda 5'8 “3°67 cone 
Muriate of ammonia | 6°5 475 [oe Drs 2 aoe 
al is ee ae 23°75 |36-25 |50° 
Muriate of barviea, |. 1° ee eg eae 0°09 
Ditto crystallized 1°56 0°43 | 0°32 |. 0:06 
Acetate af lime ei, 2°4 a “412 "75 “488 


SL eee rl Dd Dh da ttl tel 

When alcohol containing certain saline bodies in solution js 
set on fire, its flame is often tinged of different colours accord- 
ing to the body. Thus nitrate of ‘strontian tinges it purple; 
boracic acid and cupreous salts tinge it green; muriate of lime 
gives it a red colour; nitre and corrosive sublimate a yellow 
colour. " 


11, Different opinions were entertained by chemists about 


* On Mineral Waters, p. 27 4. 
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pook tt. the nature of alcohol. Stahl thought that it was composed of 
reeaaethe’ very light oil, united by means of an acid to a quantity of 
water. According to Junker, it was composed of phlogiston, 
combined with water by means of an acid. Cartheuser, on 
the other hand, affirmed that it contained no acid, and that it 
was nothing else than pure phlogiston and water. But these 
hypotheses were mere assertions supported by no proof what- 
ever. Lavoisier was the first who attempted to analyze it. He 
burnt a quantity of alcohol of the specific gravity 0°8293 in a 
glass jar, standing over mercury and filled with oxygen gas, 
and he calculated the constituents of the alcohol from the quan- 
tity of oxygen gas consumed, and the quantity of carbonic 
acid formed by the combustion of a given weight of alcohol.* 
But the results which he obtained by this process could not be 
accurate, because a quantity of the alcohol would evaporate 
without burning, and he had no means of determining the pro- 
portion which this quantity bore to the whole. In the year 
1807 Mr. Theodore de Saussure resumed the investigation of 
the composition of alcohol. He tried the method of Lavoi- 
sier. He likewise detonated a mixture of vapour of alcohol 
and oxygen gas by means of electricity. But the method upon 
which he put the greatest reliance was to decompose alcohol 
by passing it through a rea hot porcelain tube and to analyze 
the combustible gas which was produced. The results which 
he obtained by these different processes differed considerably 
from each other. They were no doubt nearer the truth than 
those of Lavoisier; because considerable progress had been 
made in the art of analysis since the time of that philosopher. 
But they could be considered only as approximations. M. De 
Saussure turned his attention to this subject again in 1813, and 
published a new analysis of alcohol, which may be considered 
as approaching as nearly to precision as the present state of 
the science of chemistry will admit. He employed for his ana- 
lysis, alcohol of the specific gravity 0°8302 at the temperature 
of 62°8°, obtained by rectifying common spirits. ‘This alco- 
hol was a compound of 13°8 water and 86:2 of the absolute 
alcohol of Richter; the water being subtracted from the pro- 
ducts obtained, the residue gave the composition of the abso-_ 
lute alcohol of Richter. His method of analysis was to pass 
the alcohol through a red-hot porcelain tube, and along a glass 
tube near six feet in length surrounded with ice. All the pro-_ 


* Mem. Par. 1781. + Nicholson’s Journal, xxi. 225. 
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ducts were carefully collected and weighed. There was a little Subdiv. VI. 
charcoal deposited in the porcelain tube and a very little oil in £"-" 
the glass tube. The water condensed amounted to 4920 of the 

weak alcohol employed, and it contained ay; of its weight 

of absolute alcohol. The combustible gas weighed 912°3 grains, 

(the weak alcohol employed was 1256-7 gr.) and there was a 

loss of 55°82 grains. The gas was burnt in a eudiometer with 
oxygen gas. The products were carbonic acid and water. For 

every 2 volumes of carbonic acid produced, 3 volumes of OXy- 

gen were consumed. Now this is the property of olefiant gas. 
Hence it follows, that the gas is precisely the same in its com- 
position, as if it were a mixture of vapour of water and olefiant 

gas. The result of the analysis was, that the absolute alcohol 

of Richter is a compound of 


Hydrogen scesiesecsee 13°70 
Carbo ON, IY ea 
Onyaen 05", Yo01 De. a eaeee 


100°00 
Or the composition may be thus stated, 
Olefiant gas...... alti ibis 2 61°63 
Water iain. He bisred-ss is 38°37 
100°00 


If we suppose it a compound of 1 volume of olefiant gas 
and 1 volume of vapour of water reduced to 1 volume, its spe- 
cific gravity when in the state of vapour will be Just equal to 
the specific gravity of these two elastic fluids added together. 
Now the specific gravity of these bodies is 


ES. a ae 0°974 
Vapour of water........ 0°625 
¢ 1-599 


And the specific gravity of the vapour of alcohol as determined 
by Gay-Lussac is 16133, which almost coincides with the pre- 


ceding result. On this supposition the composition of alcohol 
will be as follows: 


Olefiant gas .... 29°6094.... 60°83 .. oe 100° 0.58 19750 
Vapour of water 19°0625.... 39°17 .... 64°38.... 15195 


Hence it is a compound of 1 atom of olefiant gas and 1 atom 
Z2 
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of water. So that the constitution of alcohol may be stated 
as follows: 


3 atoms hydrogen .. = 0°375 


2 atoms carbon..... = 1°5 
1 atom oxygen .... = 1°0 
2°875 


So that it is a compound of 6 atoms, and an integrant particle 
of it weighs 2°875. 


CHAP. II. 
OF ‘ETHERS. 


Wuen alcohol is mixed with various acids and subjected to 
distillation, a fragrant and very volatile liquid is obtained im- 
perfectly soluble in water. This liquid is distinguished by the 
name of Ether. As the properties of the ether vary with the 
acid employed to form it, each species is distinguished by 
prefixing the name of the acid by means of which it is formed. 
Thus sulphuric ether means ether formed by means of sulphu- 
ric acid. In like manner nitric ether, muriatic ether, acetic 
ether indicate ethers formed by means of nitric, muriatic, and 
acetic acids. We are at present acquainted with seven differ- 
ent species of ethers, namely, 


1. Sulphuric ether. 5. Hydriodic ether. 
2. Nitricether.  - 6. Acetic ether. 
3. Chloric ether. 7. Formic ether. 


4. Muriatic ether. 


These different species will constitute the subject of the seven 
following sections. 


Sense 
OF SULPHURIC ETHER. 


Tur method of making sulphuric ether is described in the 
dispensatory of Valerius Cordus, published at Nuremberg 
about the year 1540: from which Conrad Gesner transcribed 
it into his Thesaurus Euonymi de Remedits Secretis, pub- 


SULPHURIC ETHER, 


lished in 1552, where it is called Oleum Vitrioli dulce.* It 
appears to have been known, though not in a state of purity, 
both to Basil Valentine and Paracelsus. But in the writings 
of chemists published about the end of the 17th century, I 
have not been able to find any traces of it,+ except in those 
of Mr. Boyle. He was evidently acquainted with it, as ap- 
pears from different passages of his writings,{ though he no 
where describes it particularly. But it was a paper in the 
Philosophical Transactions for 1730, by a German who called 
himself Dr. Frobenius, describing several of its most singular 
properties, that first drew the attention of chemists to this 
curious liquor.§ In this paper it first received the name of 


* Whoever will consider the formula given for preparing this Oleum Vi- 
trioli dulce by Gesner, will be satisfied that it was very different from the 
dulcified acids of the moderns, and that it must have been a mixture of al- 
cohol, ether, and sweet oil of wine. The following is the passage of Gesner, 
as quoted by Hoffman, from whom has been taken the historical facts re- 
specting the knowledge of ether possessed by the alchymistical writers.— 
“ Recipe vini ardentis acerrimi et ter sublimati uncias quinque, olei vitrioli 
austeri tantundem, misce in venetiano vitro, et pone in cucurbitam parvam 
angusto orificio, et luto optimo orificium claude, dimitte ita per integrum 
mensem aut duos. Deinde effunde in cucurbitam, cui sit immediate annexum 
alembicum, cujus figuram subjiciemus, pone deinde in parvam fornacem, ac 
dimidiam ejus partem cinere obrue, postea applica recipientem et luto junc- 
turam claude diligenter, et extrahe uncias sex vini ardentis quas infudisti. Ut 
vero tutius hoc fiat, pone in balneum Maria; sic solum vinum absque oleo 
ascendet. Cum extraxeris autem per balneum infusas uncias sex vinj usti, pone 
id, quod residuum est, in fornacem, ut arena mediam cucurbite partem attin- 
gat, ac novo et vacuo recipiente eoque non magno applicato, luto juncturam 
diligenter claude. Accende deinde modestum ignem, et sensim extraheomnem 
humiditatem que relicta est in cucurbita, donec nihil humidi amplius in 
fundo appareat ; adhibita semper maxima cura et diligentia, ut ignem ita 
modereris, ne ebulliat usque ad alembici canalem. Nam si hunc ebullitio 
attigerit, sedare non potes, neque probibere, quin in receptaculum egredia- 
tur, ac totum oleum perdat; solet enim facilime ebullire. Tum videbis 
duo contineri in eo, aqueum videlicet humorem ac pinguem ; segregabis vero 
unum ab altero statim, ita ut nihil aqueum in oleo relinquatur, 
illa oleum corrumpit; segregatum oleum usui reserva,” 

t The Oleum Vitrioli dulce of Lemery, for instance, is very different 
from that described by Gesner. (See his Cours de Chymie, p. 502.) 

{ See Shaw’s Boyle, i. 530; and i. 269; where the process for making 
ether, and some of its most remarkable properties, are detailed at length. 

§ Phil. Trans. xxxvi. 283. This paper is little else than a rhapsody in 
the alchymistical style. At the end of it there is a note by Mr. Godfrey, 
(Hankwitz,) Mr. Boyle’s Operator, mentioning the experiments formerly 
made upon it by Mr. Boyle and Sir Isaac Newton. ; 
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ether. The German chemists long distinguished it by the 
name of naphtha. 

1. Sulphuric ether is usually prepared by the following 
process:* A mixture of equal parts of alcohol and sulphuric 
acid is put into the retort, to which a large receiver is then 
luted. It is proper to surround the receiver with ice, or at 
least with cold water. Heat is applied; and as soon as the 
mixture boils, the ether comes over and is condensed, and 


runs in large strise down the sides of the receiver. As soon as’ 


it amounts to one half of the alcohol employed, the process 
must be stopped. The ether, thus obtained, is not quite pure, 
almost always containing a little sulphureous acid. 

The separation of the liquid from the sulphureous acid, with 
which it is mixed, is called the rectification of the ether. ‘The 
usual method, and I may add, the best, is the following, first 
employed by Mr. Wolfe: Fill three-fourths of a bottle with 
the impure ether, add a little water and a portion of slacked 
lime. Agitate the bottle with violence, and keep it for some 
time in water before taking out the cork. If the smell of the 
acid be not removed, add a little more lime, and agitate a 
second time. Decant off the ether into a retort, and distil it 
over.| 

The ether procured by this process is not quite pure, even 
after all the acid has been removed. The first portion of li- 
quid that comes over during the distillation is merely alcohol 
impregnated with a little ether. Common ether is in reality 
a mixture of ether and alcohol. The usual method of sepa- 
rating this liquid is by mixing the ether with water, and then 
proceeding to distillation with a very moderate heat. But 
Mr. Lowitz has shown that this method does not succeed. 
The following process yielded him an ether much purer than 
any that had been previously obtained. Into 16 parts of ether, 
of the specific gravity °775 in the temperature of 60°, he threw 
dry powdered salt of tartar, till the last portions were no 
longer wetted by the liquor. The mixture being allowed to 
digest, the ether was then drawn off. Its specific gravity 
was now only ‘746. By this means it was deprived of the 
water which it contained. ‘To remove the alcohol, dry pow- 


* Frobenius’ process was first published in the Philosophical Transac- 
tions, vol. xJi. 
+ Proust, Ann. de Chim. xlii. 256. 
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dered muriate of lime was thrown into the liquid in the same Subdiy. v1. 


manner, as long as it would dissolve. On standing, the mix- 
ture separated into two portions; the alcohol holding the salt 
in the solution sunk to the bottom; the ether swam on the 
surface. When separated from the inferior liquor, its specific 
gravity was now only °632 in the temperature of 60°. It was, 
therefore much purer than any former ether described by 
chemists, since it never before had been procured lighter than 
0°725.* The ether thus prepared contains a little of the salt, 
from which it may be freed by distillation. But in that case 
its specific gravity increases. ‘The reason seems to be, that 
the purest portion of the ether assumes the form of elastic 
fluid. M. Theodore de Saussure purified ether by nearly the 
same process, excepting that he distilled it off the muriate of 
lime. He obtained it of the specific gravity 0°7155 at the 
temperature of 68°.+ 


Chap. IL. 


2. Ether, thus obtained, is a limpid and colourless liquor, Properties. 


of a very fragrant smell, and a hot pungent taste. 

It is so volatile that it can scarcely be poured from one 
vessel to another without losing a considerable portion of it by 
evaporation. When poured out in the open air, it disappears 
in an instant; and, during its evaporation, produces a very 
considerable degree of cold. If a glass vessel containing 
water, and surrounded with a cloth, be dipped into ether, two 
or three times, and the ether each time be allowed to evapo- 
rate from the cloth, the water in the glass freezes. In the 
open air ether boils at 98°, and in a vacuum at — 20°. Were 
it not, therefore, for the pressure of the atmosphere it would 
always exist in the gaseous state. | 

When exposed to the open air it speedily assumes the 
gaseous form. ‘This happens, for instance, if a little of it be 
poured into a glass phial. The vapour of ether displaces a 
considerable portion of the air of the phial, and is not soon 
dissipated. Ingenhousz has shown that the specific gravity of 
this vapour is very considerable. 

Mr. Dalton has found it 37125, the specific gravity of com- 
mon air being 1. Gay-Lussac has determined the specific 
gravity of this vapour with much care. According to his 


* Lowitz, Crell’s Annals, 1796, i. 429. 

+ Annals of Philosophy, iv. 40. 

t See his Nouvelles Experiences, p. 180. 

§ Manchester Memoirs, iii. 260. Second Serie . 
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experiments, it 1s 2°5860, that of air being 1.* This is about 
a fifth part less than the determination of Mr. Dalton. J] 
consider the true specific gravity to be 2°5666. 

Ether, when exposed to a cold of — 46°, freezes and crys- 
tallizes.+ | s 

3. Neither oxygen gas nor common air produce any effect 
upon ether in moderate temperatures; but in high tempera- 
tures the case is very different. Ether is exceedingly inflam- 
mable, and when kindled in the state of vapour burns with 
rapidity, with a fine white flame, and leaves behind it a trace 
of charcoal. During its combustion carbonic acid is genera- 
ted. How well soever it has been rectified, it always exhibits 
traces of sulphuric acid.t 

When ether is admitted to any gascous body standing over 
mercury, it always doubles the bulk of the gas, as Dr. Priest- 
ley first observed. If oxygen gas, thus expanded by ether, 
be presented to a lighted candle, the ether burns with great ra- 
pidity, but produces no explosion. But if one part in bulk of this 
expanded oxygen be mixed with three parts of pure oxygen 
gas, and kindled, a very loud explosion takes place: the pro- 
ducts are water and 21 parts of carbonic acid.6 Mr. Cruick- 
shanks, to whom we are indebted for this instructive experi- 
ment, ascertained, that one part of the vapour of ether takes 
6°8 parts of oxygen gas to consume it completely; and from 
the relative proportions of the two products, he has shown that 
the carbon which ether contains is to its hydrogen as five to 
one. 

According to Dalton, one volume of ether requires for its 
combustion 6 volumes of oxygen; the residue consists of 4s 
volumes of carbonic acid.| 

Now it is obvious that 4 volumes of the oxygen gas must 
have gone to the formation of carbonic acid gas; the remain- 
ing two volumes of oxygen must have gone to the formation 
of water, and they must have united with a quantity of 
hydrogen; which, had it been in the gaseous state would 
have amounted to 4 volumes. Carbonic acid gas contains its 
own volume of carbon in the gaseous state. It follows, there. 


* Ann. de Chim. et Phys. i. 218. 

t Fourcroy and Vauquelin, Ann. de Chim, xxix. 289. 
t Scheele, ii. 108. 

§ Cruickshanks, Nicholson’s Journal, v. 205. 

|| Manchester Memoirs, iii. 179. Second Series. 


SULPHURIC ETH®RR. 345 


fore, from the preceding facts that 1 volume of vapour of ether subaiv. vr, 
: Chap. If, 
contains 


4 volumes carbon, 


k condensed into 1 volume. 
4 volumes hydrogen, 


The specific gravity of vapour of carbon is 0°416, that of hy- 
drogen gas 0°0694.- Hence 


4. volumes carbon Wel... «'s ‘nies, 2664 
4 volumes hydrogen ...... siieneisin OMT E 
hetel. . . ccs = 1°941 


Specific gravity of ether vapour.. 2°586 


POM Bs 5. kw s SS. es abc = 0°645 


From this statement it appears that the weight of the ether 
vapour excceds that of carbon and hydrogen detected in it by 
the analysis by 0°645, a number which amounts almost ex- 
actly to ;th part of the weight of the ether vapour. Now 
_ this deficiency can be ascribed to nothing else than water. 
Hence it follows that three fourths of the weight of ether va- 
pour must be carbon and hydrogen, and the other fourth va-~ 
pour of water. Now 4 volumes carbon and 4 volumes hydro- 
gen are in the proportions which constitute olefiant gas, 
and they are equivalent to two atoms of olefiant gas. But 


2 atoms of olefiant gas weigh.... 3°5 
An atom of water WEIGNSs « otiaee LL2S 


Total.......... = 4625 


Now 1:125 is very nearly the fourth part of 4°625. Hence it 
seems to follow from Dalton’s analysis that ether is a com- 
pound of two atoms of olefiant gas, and 1 atom of the vapour 
of water. 

But the specific gravity of two atoms of olefiant gas is 


Oe PO OD Fes ew OOO. » = 19416 
While that of 1 volume vapour is ... = 0°6250 


Total........ = 2°5666 
But 2°5666 comes very near 2°586, the numerical result ob- 
tained by Gay-Lussac. Hence I am disposed to consider the 
above statement respecting the composition of sulphuric ether 
to be the true one. It is a compound of 


2 volumes olefiant gas, 


1 volume vapour of wat m8 reduced into 1 volume. 
7 
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Ba hjeamt Its specific gravity is 2°5666, and it is composed of 
5 atoms hydrogen .... = 0°625 
5 atoms.carbon ...;.. = 3°000 
1 atom oxygen..... ». = 1°000 


4°625 

So that an integrant particle of it weighs 4°625. 
M. Theodore de Saussure attempted to analyze sulphuric 
ether by the very same process as the preceding. The fol- 
lowing is the result of his experiments. Ether is composed of 


Hydrogen ..... 14°40 
Carbon ....... 67°98 


100°00 

Now these proportions are equivalent to 
Olefiant gas .. 80°05 .... 100 
WN SOB tan ore. 4 SA O98 cs wd snes 


100°00* 

It appears from this analysis that ether is composed of 4 
parts, by weight, of olefiant gas and 1 part of water. 

But I consider the result deduced from Dalton’s analysis as 
the true one. It was the conclusion to which I had come 
long before Mr. Dalton published his experiments. 

Ingenhousz was the first who ascertained that the vapour of 
ether detonates with common air and oxygen gas. His ac- 
count of the experiment was first published in a letter to Dr. 
Priestley, in one of the original volumes of that philosopher 
on air, and likewise in the 69th volume of the Philosophical 
Transactions. His method was exceedingly simple. A sin- 
gle drop of ether, let fall into a bottle holding about 10 cubic 
inches of air, gives it the property of detonating. ‘Too much 
ether destroys the detonation. With oxygen gas the same 
method succeeds.t 

Action of | When ether, in the state of vapour, is made to pass through 
west. a red-hot porcelain tube, it is decomposed completely, and a 
great quantity of carburetted hydrogen gas is obtained. 
Saussure, junior, repeated the experiment with precision. He 


* Annals of Philosophy, iv. 40. 
+ See Ingenhousz’ Experiences, p. 171. 
¢ Dutch Chemists, Jour. de Phys. xlv. 184. 
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passed 1103 parts of the ether through a red-hot porcelain —— 
tube; the products were as follows: 54 parts of charcoal in onion 
the tube, 3 parts of volatile oil crystallized in thin scales and 
smelling of benzoin; 43 parts of a volatile oil nearly black, 
partly fluid and partly of the consistence of honey; 3 parts of 
water and 948 parts of heavy inflammable air. The loss, 
amounting to 100°75 parts, was chiefly owing to the escape of 
oil in the state of vapour.* 

4. Ether does not combine with water in any proportion: 
when the liquids are shaken together, they separate again; 
but the water retains a portion of the ether, while the ether on 
the other hand, remains united to a part of the water. From 
the experiments of the Count de Lauraguais, we learn that 
ten parts of water take up one of ether.+ Alcohol, on the 
other hand, unites with ether in any proportion whatever. 

5. Of the simple combustibles, ether seems to act only on Distolves 
phosphorus and sulphur. a 

It is capable of dissolving a small proportion of phosphorus. 
The solution is transparent; but the addition of a little alco- 
hol to it renders it milky. This furnishes us with a method 
of ascertaining whether ether be sophisticated with alcohol.t 

Ether was supposed incapable of acting on sulphur, except And sul- 
when both were in the state of vapour, according to the ex- ™"" 
periments of Lauraguais; but Favre has shown that a solu- 
tion may be obtained by digesting flowers of sulphur in cold 
ether, and that the solvent power of the ether is promoted by 
exposure to the light. By a month’s digestion, he dissolved 
nearly one part of sulphur in 12 of sulphuric ether; the solu- 
tion was nearly colourless, but had the taste and smell of sul- 
phuretted hydrogen.§ 

6. Ether has no action on metals, but revives those that 
have a weak affinity for oxygen when mixed with their solu- 
tion in acids, as gold and silver. It dissolves the muriate of 
gold and corrosive sublimate. 

7. It is probable that it has no action on fixed alkalies and 
earths; but it combines, or at least mixes readily with am- 
monia. 


* Nicholson’s Journal, xxi. 323. 

t+ Mem. Par. 1758. From his experiments it seems to follow, that the 
portion taken up by water is not ether, but a substance which may be ob- 
tained in crystals by evaporation. 

} Brugnatelli, Ann. de Chim. xxiv. 73. 

§ Gehlen’s Jour. iv. 227, 
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It absorbs nitrous gas in considerable quantity. 

8. Sulphuric acid seems capable of converting it into-a pe- 
culiar kind of oil known by the name of sweet oil of wine. 

If we fill a bottle capable of holding three or four English 
pints with chlorine gas, taking care to expel the water as com- 
pletely as possible, and then throw into it about a dram, or 
half a dram, of good ether, covering its mouth immediately 
with a piece of light wood or paper, in a few seconds white 
vapour will be perceived moving circular in the bottle: this 
will be soon followed by an explosion accompanied with flame; 
at the same time a very considerable quantity of charcoal will 
be deposited, and the bottle will be found to contain carbonic 
acid gas.* The action of the other acids upon ether has not 
been examined with attention. 

9. Ether dissolves the fixed and volatile oils, bitumens, 
those at least which-are fluids, and resins ; but it does not act 
upon gum.t 

10. When we compare the constituents of alcohol and sul- 
phuric ether with each other, the only difference between them 
is, that ether contains less vapour of water than alcohol by 
about one-half. 

11. From the experiments of Boullay, we learn that sul- 
phuric ether may be prepared likewise by substituting phos- 
phoric{ or arsenic§ acid in place of sulphuric. This serves 
still farther to confirm the preceding theory of the formation 
of this ether. 


SECT. II. 
OF NITRIC ETHER. 


Nirric ether is first mentioned in an epistle written by 
Kunkel to Voight, and published in 1681 ;|| but no attention 
was paid to it by succeeding chemists till it was discovered a 
second time by Navier in 1742,** and a third time by Sebas- 
tiani in 1746. ++ | 

The method of preparing it, proposed by Navier, was this: 
twelve parts of alcohol are put into a strong bottle, which is 


* Cruickshanks, Nicholson’s Jour. v. 205. 

+ Elemens de Chymie by the Dijon Academy, iii. p. 318. 

¢ Ann. de Chim. Ixii. 192. § Ibid. Ixxviii. 284. 

|| Epistola contra Spiritum Vini sine Acido. 

** Mem. Par. 1742. tt Diss. de Nitro, 1746. 
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kept surrounded with water, or rather with ice: eight parts ee 
of nitric acid are poured in at intervals, the mixture being Roatan! 
agitated after every addition. The bottle is then well corked, 

and the cork secured by leather. Ether gradually forms at 

| the surface of the liquid. After five or six days, when the 
formation is supposed to be over, the cork is to be pierced with 
aneedle, to allow a quantity of nitrous gas to escape, which 

| would otherwise carry the ether along with it. The cork is 

then to be drawn; the whole liquid is to be poured into a 
‘funnel, and by means of the finger the liquid below is allowed 

to run out while the ether is retained. 

This methed is somewhat hazardous; for the quantity of 
nitrous gas evolved is so great as often to burst the bottle. 
Dr. Black substituted in place of it a very ingenious process. 
He put into a glass phial the proper quantity of nitric acid ; 
| over this was poured gently a stratum of water, and the alco- 
‘hol was poured over ajl. Thus there were three strata of 
| liquids in the vessel: the acid lowermost, and the alcohol 
| uppermost, separated from each other by the water. The 
jacid and alcohol gradually combined with the water, and 
‘coming into contact acted on each other without violence ; 
jand thus the ether was formed without risk. 
| Dehne has given another process for obtaining nitric ether 
| exceedingly tedious, but not attended with any risk. The 
: alcohol is put into a tubulated retort, to which a large receiver 

is luted; ~,th part of nitric acid is be added every four hours, 

| drop by drop, till it amounts to about half the weight of alco- 
jhol; then the mixture becomes hot, and the ether passes over 
into the receiver. After this a little more nitric acid is to be 
jadded every morning and evening. Ether gradually forms on 
jits surface. ‘The acid is to be added till it falls down to the 
| bottom of the retort in the form of green globules, indicating 
jthe perfect saturation of the acid with nitrous gas. This is a 
proof that no more ether will be formed. 

Various other methods of preparing nitrous ether have been 
|proposed by chemists, as the distillation of a mixture of sul- 
|phuric acid, nitre, alcohol, &c. But the process preferred by 
jartists is that of Chaptal as corrected by Proust. A large re- 
|tort is luted to a glass globular vessel furnished with a tube 
jof safety. From this globe a tube passes to a second, likewise 
‘furnished with a tube of safety; and to this last vessel is con- 
jnected three Woulfe’s bottles in the usual way, which must 
|be half full of alcohol. A mixture of 32 parts of alcohol and 
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24 of acid, of the specific gravity 1°3, is put into the retort. 


_— The heat of a chaffing dish is applied, and removed as soon 


Thenard’s 
process. 


as the effervescence begins. The greatest part of the ether is 
detained by the alcohol in the first Woulfe’s bottle. This 
mixture is to be saturated with an alkali, and the ether sepa- 
rated by distillation.* 

These processes are all of them so defective and compli- 
cated, that little precise knowledge was acquired of nitric 
ether, till Thenard undertook an investigation of it in 1807. 
He distilled a mixture of alcohol and nitric acid, and carefully 
collected and examined all the products both liquid and gase- 
ous. A considerable part of the ether formed he found made 
its escape in the gaseous form, while the liquid in the re- 
ceiver, hitherto considered nitric ether, was a mixture of al- 
cohol, water, ether, nitrous, and acetic acids. These results 
led him to the following method of procuring pure nitric 
ether. 

Equal weights of alcohol and nitric acid, of the specific 
gravity 1°283, were put into aretort. To the beak of the 
retort was luted a glass tube, which was plunged to the bottom 
of a long narrow glass jar half filled with a saturated solution 
of common salt in water. From the top of this jar passed 
another tube, which went to the bottom of another similar jar, 
likewise half filled with a solution of common salt. In this 
manner five similar jars were connected with each other, each 
half filled with a saturated solution of common salt. From 
the last a tube passed to a water trough to receive the gaseous 
products in proper jars. Each of these five jars was sur- 
rounded with a mixture of snow and salt to keep it as cool as 
possible. A moderate heat being applied to the retort a vio- 
lent effervescence began. It was found necessary to withdraw 
the fire, and even to moisten the outside of the retort with 
water, in order to prevent the vessels from bursting. The 
gaseous matter evolved was thus forced to pass through the 


* Proust, Ann. de Chim. xlii. 262.—Brugnatelli has proposed the fol- 
lowing method ; but I find that the proportion of ether obtained by it is 
much smaller than the other processes, though Brugnatelli affirms the | 
reverse, Put an ounce of sugar into a retort, and pour over it two ounces — 
of alcohol. Lute to it a large receiver with slips of paper, and then add 
three ounces of nitric acid. The sugar is dissolved, the mixture boils, and — 
the ether passes over pure, equal in weight to the alcohol. See Jour. de 
Chim. in. 68.—Perhaps my want of complete success was owing to the use — 
of a stronger acid than that employed by Brugnatelli. 
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different jars containing the common salt solution, and there subaiv. vr. 
it deposited the greatest part of its ether. The ether was °™?"% 
found floating on the surface of the solutions in each, but the 
greatest part of it in the first jar. It was separated; and to 

free it from the nitrous and acetic acids with which it was 
contaminated, it was agitated in a close phial with a sufficient 
quantity of chalk, till it ceased to produce any change on 
vegetable blues. It was then decanted off. Thus purified it 
possessed the following properties. 

It had a slightly yellow colour, and a very strong ethereal Properties 
odour. Its taste was strong and quite peculiar. It was rather etter. 
heavier than alcohol, but much more volatile than sulphuric 
ether. Hence it only moistened bodies for a moment, and 
produced a very considerable degree of cold by its evaporation. 
The heat of the hand was sufficient to set it a boiling. 

It was lighter than water, and required 48 parts of that li- 

quid to dissolve it, and communicated to it an odour like that 
of apples. It dissolved in alcohol in every proportion. It 
burnt very brilliantly with a white flame like sulphuric ether. 
When kept for some time, both nitrous and acetic acids were 
formed in it. The same acids were evolved if the ether was 
heated, or if it was agitated with water. When brought in 
contact with a little of these acids, it instantly absorbed them, 
| and acquired the property of converting vegetable blues into 
} red. 
When brought in contact with nitrous oxide, or any other 
| gas, at the temperature of 70°, it instantly quintupled its 
| bulk, being converted into vapour. At that temperature its 
| vapour was capable of supporting a column of mercury 28°74 
inches high. At the temperature of 70°, and when the baro- 
meter stands at 30 inches, it is liquid; but if we increase the 
)} heat or diminish the pressure, it assumes the state of vapour. 
It is much more elastic than sulphuric ether. At the tem- 
perature of 70°, the vapour of sulpuric ether is capable of sus- 
taining a column of mercury only 16 inches high. 

Such are the properties of nitric ether ascertained by The- 
| nard.* They show us that it differs essentially from sulphuric 
ether. The gradual evolution of nitrous acid in it demon- 
strates that it must contain azote as one of its constituents. 
| Thenard endeavoured to ascertain the proportion of its con- 
stituents by passing it through a red hot porcelain tube, and 


* Mem. d’Arcueil, i. 75. 
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examining the new substances evolved. They were water, 
carbonic acid, charcoal, oil, and a considerable quantity of 
gas which contained azote and nitrous gas, and a heavy inflam- 
mabie air, which detonated with oxygen, and yielded carbonic 
acid and water. A little ammonia appeared also to have been 
produced. By estimating the weight of each of these sub- 
stances and their constituents, Thenard concluded, that 100 
parts of nitric ether was composed of 


48°52 oxygen 
28°45 carbon 
14°49 azote 
8°54 hydrogen 


100°00 * 


But this analysis is liable to several exceptions. There was 
a considerable loss, and the composition of several of the sub- 
stances evolved is not sufficiently determined. A better mode 
of analysis would have been, to have mixed the vapour of the 
ether with a sufficient quantity of oxygen, and to have de- 
composed it by electricity. By this method, knowing the 
specific gravity of the vapour, and the products furnished by 
its decomposition, it would have been easy to have deduced 
its constituents. I think it not improbable from analogy that 


nitric ether is in reality a compound of two atoms olefiant 


Gaseous 
products, 


gas, with one atom nitric acid. On that supposition it would 
differ from sulphuric ether, simply by the substitution of 
nitric acid for water. Were this its composition its consti- 
tution would be 


4 atoms hydrogen = 0°50 


4. atoms carbon = 3:00 
1 atom azote seni <75 
5 atoms oxygen == '55:00 

10°25 


Thus its weight would be 10°25 and it would be a com- 
pound of no fewer than 14 atoms. 

During the formation of nitric ether a vast quantity of gos 
is evolved. The Dutch chemists examined this gas, and con-_ 
sidered it as a compound of nitrous gas and ether; but The- 
nard has shown, that it is much more comatiodae in its 


* Mem. d’Arcueil, i, 360. 
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fature. The result of his examination is, that it consists subdiv. v1. 


‘ ‘ A 5 ; ; es f Chap. tf. 
chiefly of nitrous oxide gas, mixed with a little nitrous gas, orale! 


azote, carbonic acid, acetic acid, nittous acid, and a consider- 
able proportion of ethereal vapour. But the proportion of 
this last ingredient diminishes according to the degree of cold 
to which it has been subjected. 

After the mixture of alcohol and nitric acid has ceased to And residué 
give out ether, there remains in the retort about three-fifths 7" 
of the original quantity. This residue Thenard also subjected 
to examination. It has a yellow colour and an acid taste. It 
consists chiefly of water, holding in solution some nitric acid, 
some alcohol, a very small portion of acetic acid, and a matter 
which Thenard could not separate, but which very readily as- 
sumed the state of charcoal. 

Thus it appears, that both the alcohol and acid are decom= 
posed during the process of making nitric ether, and that the 
constituents of both enter into the composition of the ether 
formed. Some light may be thrown upon the subject by a 


| careful examination of the phenomena which take place during 
| the action of nitric acid on alcohol. 


1. When equal parts of alcohol and nitric acid are mixed, Action of 
nitric acid 


| a violent effervescence takes place ; spontaneously if the acid "" sleohisl. 
| be concentrated; on the application of heat if the acid be 


diluted. This effervescence is owing to the emission of the was, 
which the Dutch chemists considered as a mixture of ethet 


and nitrous gas, but which Thenard has shown to consist 


chiefly of nitrous oxide and ether. The Dutch chemists have 


called it nitrous etherixed gas.* 


This gas has a disagreeable ethereal odour: it burns with 4 3; Nitrous 


| yellow flame; is completely absorbed by water, alcohol, and Sher 
| the solution of potash; ammonia has no action on it. When 

| fired along with oxygen gas it detonates. Sulphuric; sul« 

| phurous, nitric, and muriatic acids, decompose it. 


2. When one part of alcohol and three parts of nitric acid, 2. oxatic 


of the specific gravity 1-261, are mixed together, and a very ““" 


moderate heat applied, a great quantity of gas is disengaged, 


| which consists chiefly of nitrous etherized gas and nitrous gas. 
| When only 5}, part of the liquid remains in the retort; if it be 


allowed to cool, a number of erystals of oxalic acid are 


\formed.+ By this process 1-167 parts of oxalic acid may be 


obtained from 16 parts of alcohol. t. 


* Jour. de Phys. xlv. 245. + Scheele and Hermbstadt,. 
1 Sage, Jour. de Phys. 1. 346. 
VOL. II. ZA 
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3. When one part of nitric acid is poured upon its own 
weight of alcohol, and one part of sulphuric acid is added a 


Conrbustion little after, the mixture takes fire and burns with great rapidity. 


of aicoho}. 


Howard’s 
fulminating 
mercury. 


When this experiment is performed in close vessels, the pro- 
ducts are ether and oil, besides what remains in the vessel i in 
which the combustion takes place.* 

4. When nitric acid, partly saturated with mercury, is 
poured upon alcchol, and heat applied, the products are nearly 
the same, but the phenomena are very different. The curious 
appearances which accompany this mixture were first observed 
and explained by Mr. Howard.+ The process, as described 
by him, is as follows: dissolve, by means of heat, 100 grains 
of mercury in a measured ounce and a half of nitric acid, of 
the specific gravity of about.1°3.. Pour this solution upon 
two measured ounces of alcohol, and apply heat till the mixture 
begins to effervesce. The heat is then to be withdrawn. ‘The 
action becomes violent, and continues for some time; a dense 
white smoke issues from the vessel, which is heavier than the 
atmospheric air, and may be poured into glass jars, where it 
continues for some time like fine white clouds. Mr. Howard 
has made it probable that this fume is composed of etherized 
nitrous gas holding oxide of mercury in solution. Meanwhile. 
a white powder falls to the bottom of the mixture. When the 
effervescence is over, this white powder is to be separated 
by filtration, washed with pure water, and dried in a heat not 
exceeding 212°. 

Mr. Howard has examined the properties of this powder, 
which has the appearance of minute crystals.. He has given 


it the name of fulminating mercury. 


When heated to the temperature of 368°, it explodes with 
considerable violence. ‘The same effect is produced by fric- 
tion, by the blow of a hammer, by electricity, and by flint 
and steel. The products, after combustion, are carbonic acid 
gas, azotic gas, water, and mercury. It produces very violent 
effects, but only at a small distance. Concentrated sulphuric 
acid, when poured upon it, causes an immediate explosion; 
diluted sulphuric acid likewise decomposes it, but without ex- 
ploding. A gas passes over, which is a mixture of carbonic 
acid, and of a peculiar inflammable gas which burns with a 
greenish flame: the same into which tiie etherized nitric gas 


* Brugnatelli, Ann. de Chim. xxix. 327. 
+ Nicholson’s Journal, iy. 173. 
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is converted by the action of diluted sulphuric acid. There sobaw. vi. 
remains in the sulphuric acid: a white powder, consisting of ae 
oxalate of mercury and a few globules of mercury.* 

From the experiments of Mr. Howard, it follows that this Composi- 
powder is composed of oxalate of mercury and nitrous ethe- “™ 
rized gas. But the subsequent analysis of Fourcroy has 
shown, that it varies in its nature according to the mode of 
preparing it. When prepared in Howard’s way with little 
heat, it is a compound of nitric acid, oxide of mercury, and 
a peculiar vegetable substance. When the heat is continued 
during the whole fermentation, the powder has a greenish 
colour. It detonates more feebly, and on hot coals emits a 
blue flame. It is composed in that case of ammonia, oxide 
of mercury, and more of the peculiar vegetable matter. When 
the mixture is boiled for half an hour, the powder is com- 
posed of oxalate of mercury and a very small quantity of 
vegetable matter. It does not detonate, but decrepitates when 
heated. These experiments of Fourcroy enable us to re- 
concile the seemingly opposite results of Howard and Ber- 
thollet. ¢ 


SECT. III. 
OF CHLORIC ETHER §. 


I Give this name to the compound formed by the union of 
equal volumes of chlorine and olefiant gas. It has been already 
described in the first volume of this work. | It is composed 
of 1 atom olefiant gas, and 1 atom of chlorine; so that its 
constitution is as follows: 


* Howard, Nicholson’s Journal. iv. 173. Brugnatelli has announced, 
that by pouring one ounce of alcohol and one ounce of nitric acid on 100 
grains of dry nitrate of silver, (lunar caustic,) in a beer glass, a fulminating 
silver is produced, much more powerful than fulminating mercury. Nichol- 
Son’s Jour. vil. 285. 

T Journal of the Royal Instit. i. 256. 

f According to Berthollet, fulminating mercury is composed of ammonia, 
oxide of mercury, and altered alcohol, which produces carbonic acid when 
decomposed. Phil. Mag. xii. 92. 

§ I have some suspicion that this compound should rather be considered 
as a species of alcohol than of ether. But in the present state of our 
knowledge I did not venture to adopt that arrangement. But I have no 


doubt that hereafter different species of alcohol will be recognized as well 
as of ether. 


| See vol. i. p. 237. 
Za 2 
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6°25 


I have little doubt that the ether made by distilling a mix- 
ture of alcohol and different chlorides, as the perchloride of 
mercury, the chlorides of iron, arsenic, and antimony, and 
especially the fuming liquor of Libavius is, in reality, chloric 
ether. By means of this chloride, Courtanvaux formed ether, 
in 1759, by the following process: three parts of fuming mu- 
riate of tin and one part of alcohol are mixed together; and 
after the vapours and heat produced have subsided, the mix- 
ture is put into a retort, to which two large receivers are at- 
tached, and distilled. There comes over first a little alcohol, 
then the ether.* This chloride has been recommended as very 
proper for making ether by Klaproth.+ 


SEGT: IV. 
OF MURIATIC ETHER. 


Arter the discovery of sulphuric and nitric ethers, various 
attempts were made to obtain ether by the action of muriatic 
acid on alcohol; but this acid im its usual state is too much 
diluted with water to act with much energy upon alcohol. It 
was thought necessary, therefore, in order to procure muriatic 
ether, to employ the acid in a different state. The method of 
obtaining this ether is as follows: 

Prepara- Pure alcohol is saturated with muriatic acid gas as free 

ag from water as possible. The following is the formula recom- 
mended by Mr. Basse. Keep a quantity of common salt for 
an hour in a state of fusion, in order to deprive it of its water 
of crystallization. Put 20 parts of this salt into a tubulated 
retort, to the beak of which is fitted a bent tube, plunging 
into Woulle’s bottle, containing 10 parts of alcohol as strong 
as possible. 

Introduce into the retort, in small quantities at a time, 10 
parts of the most concentrated sulphuric acid, allowing the 


* Jour. de Scav. 1759, p. 549. This process was discovered by Rouelle- 
See Jour. de Phys. lvi. 219. 
+ Crell’s Annals, 1796, 1. 99. 
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common air to escape from the bottle containing the alcohol ; suvaiv. vr. 
then distil in a sand bath till the muriatic acid comes over, “""", 
keeping the alcohol bottle as cool as possible during the pro- 

cess. ‘The alcohol, thus saturated with acid, is put into a 

retort, and one half of it distilled over. Agitate this portion 

with an alkaline ley, and then decant off the ether which 

swims on the surface: it usually amounts to 2+ parts.* 

Very little was known of the properties of muriatic ether, 
till Gehlen published a dissertation on the subject in 1804.+ 
He employed two processes: 1. the action of the fuming li- 
quor of Libavius on alcohol; 2. the process of Basse detailed 
above. Both of them furnished ether, the peculiar properties 
of which he has described with accuracy. Thenard publish- 
ed three dissertations on it in 1807,{ pointed out the simplest 
process for obtaining it, examined the effect of chlorides on 
alcohol, described the properties of muriatic ether in detail, 
and made a set of experiments to ascertain its constituents. 

To the dissertations of these two chemists we are indebted for 
all that we know of this very remarkable substance. 

The process recommended by Thenard for procuring this ?henara’s 
ether is the following: Equal bulks of muriatic acid and al- °° 
cohol, both as strong as possible, are put into a retort, of 
such a size as not much more than to hold the mixture. A 
few grains of sand should be put into the retort, to prevent 
the violent boiling which might otherwise take place. From 
the beak of the retort a tube passes into a glass jar, twice the 
size of the retort, and furnished with three mouths. This 
jar should be half filled with water, of the temperature of 
about 70°. Into the second mouth a straight tube of safety is 
luted, and into the third a tube, which passes into a water 
trough to receive the gas. When heat is applied, the mixture 
soon emits bubbles. There passes into the receiver alcohol 
with acid and water: but the whole of the ether makes its 
escape in the state of gas, and must be received in proper 
vessels. From 500 grammes of acid and the same bulk of 
alcohol, between 20 and 30 litres of ethereal gas are obiained. 

Or, in round numbers, a mixture of acid and alcohol, weigh- 
ing about 30 ounces troy, will yield between 1220 and 1830 
cubic inches of ethereal gas. 


* Jour. de Chim. iv. 86. + Gehlen’s Jour. i. 206. 
} Mem. d’Arcueil, i. 115, 140, 337. 
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This gas is colourless, it has a strong ethereal smell, and a 
sweetish taste. It produces no change on the infusion of lit- 
mus, the syrup of violets, or lime water. Its specific gravity 
is 2°219, that of air being 1. At the temperature of 64° 
water dissolves its own bulk of this gas. 

When exposed to a cold of 52°, it loses its aérial form and 
becomes liquid ether. It may be procured abundantly in that 
state by passing it into a dry glass jar surrounded with ice. 
Muriatic ether, in its liquid state, is colourless like water, very 
liquid, has no action on vegetable blues, and has the same 
smell and taste as in the gaseous state. At the temperature 
of 41°, Thenard found it of the specific gravity 0°874.* It is 
much more volatile than alcohol, or even sulphuric ether, 
assuming the gaseous state when not hotter than 64°. None of 
the usual tests indicate the presence of any muriatic acid. It 
does not affect vegetable blues, nor give out acid when agitated 
with an alkaline ley, or occasion an immediate precipitate 
when mixed with nitrate of silver. But when brought in 
contact with a combustible it burns readily with a green co- 
loured flame, and a very considerable portion of muriatic acid 
is immediately disengaged in the state of vapour. This very 
extraordinary fact was first observed by Gehlen: it has been 
minutely examined by Thenard. When allowed to remain 
for a long time in contact with an alkali, it does give out a 
portion of muriatic acid, and it slowly produces a precipitate 
in nitrate of silver after the interval of several days, and the 
quantity of precipitate increases with the time. But in neither 
case is the ether decomposed, or deprived of the property. of 
giving out muriatic acid when burnt. 

Thenard has endeavoured to ascertain the composition of 
muriatic ether. From the quantity of muriatic acid which 
disappears during its formation, he has calculated that 100 
parts of muriatic ether contain 29°44 of acid; an enormous 
quantity, since it exceeds the proportion of real acid in the 
strongest muriatic acid of commerce. By mixing determinate 
portions of muriatic ether gas with oxygen gas, firing the 
mixture, and ascertaining the products, which are only car- 
bonic acid and water, he endeavoured to ascertain the pro- 


* Basse obtained it of the specific gravity 0°820, and Gehlen of 0°845. 
Here we must consider weight as a mark of purity. Hence it is obvious 


that the muriatic ether of the German chemists was less pure than 
Thenard’s, 
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portion of the other constituents, The following is the result Suhdtnslik 


of his examination: 


99°44 muriatic acid 
36°61 carbon 

23°31 oxygen 
10°64 hydrogen 


eee ee 


100°00 * 


I have very little doubt that this ether is a compound of 
1 volume of olefiant gas + 1 volume muriatic acid gas con- 
densed into 1 volume. On this supposition, the specific gra- 
vity will be that of olefiant gas and that of muriatic acid gas 
added together. Now, the specific gravity of these bodies 
is as follows: 
Olefiant gas ....... 0°974 
Muriatic acid gas... 1°284 


2°258 


But 2°258 agrees very nearly with 2-219, the specific gravity 
of muriatic ether gas obtained experimentally by Thenard. 
If this supposition be well founded, muriatic ether must be a 
compound of 2 atoms olefiant gas and 1 atom muriatic acid, 
so that its constitution will be as follows: 


5 Atoms hydrogen = 0°625 


4 Atoms carbon = 3°000 
1 Atom chlorine = 4°5 
8°125 


It is composed of 10 atoms, and its weight 8°125. 


SECT. V. 
OF HYDRIODIC ETHER. 


Tuts ether was discovered by M. Gay-Lussac. He formed 
it by mixing together 2 volumes of absolute alcohol and 1 vo- 
Jume of hydriodic acid, of the specific gravity 1°7, and distill- 
ing in a water-bath. He obtained an alcoholic liquid perfectly 
neutral, colourless, and limpid. When mixed with water, a 
liquid precipitated in small globules, at first milky, but which 


* Mem. d’Arcueil, i, 341. 
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gradually became transparent. This liquid was hydriodig 
ether. What remained in the retort was hydriodic acid, much 
coloured by an excess of iodine. 

Hydriodic ether, after being well washed with water, is per- 


fectly neutral. Its odour is strong, and, though peculiar, it is 


analogous to that of other ethers. In a few days it acquires a 
reddish colour, which does not increase in intensity. Mer- 
cury and potash instantly destroy this colour by removing the 
iodine to which it is owing. Its specific gravity, at 792°, is 
1°9206. It boils at the temperature of 1481°. It is not in- 
flammable, but merely gives out purple vapours when put 
upon burning coals. Potassium may be kept in it without al- 
teration. Potash does not alter it immediately, neither do ni- 
tric, and sulphurous acids, or chlorine. Sulphuric acid ren- 
ders it instantly brown. When passed through a red-hot tube, 
it is decomposed; an inflammable carburetted gas is obtained, 
hydriodic acid evolved, and some charcoal deposited.* 

This ether has not been analyzed; but we may consider it 
from analogy as a compound of 2 atoms olefiant gas and 1 atom 
hydriodic acid. On this supposition its constitution will be 


5 Atoms hydrogen. .. = 0°625. 
4 Atoms carbon .... = 3°000 
1 Atom. iodine’ ...4 2: =15°625 


oa 


19°250 


So that it will be a compound of 10 atoms, and its weight 
will be 19°25. 


SECT. VI. 
OF ACETIC ETHER. 


Krnuer may be produced also by the action of acetic acid 
on alcohol. This was discovered by the Count de Lauraguais 
in.1759.t He obtained it by distilling a mixture of acetic 
acid and alcohol with the same precautions as are employed in 
the distillation of sulphuric ether. | 

The process, as corrected by Pelletier, is as follows: Mix 
together, in a retort, equal quantities of acetic acid (from ace- 
tate of copper) and alcohol, and distil over the alcohol. Pour 
it back into the retort, and distil a second time. What comes 


* Ann. de Chim. xci. 89. t Jour. de Scav. 1759, p. 324. 
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over must be poured back a second time, and subjected to a eae 
third distillation. The product of this third distillation is a —.- 
mixture of acetic acid and ether. Saturate the acid with pot- 

ash, and distil with a moderate heat. Acetic ether comes over 

pure.* Bucholz has given another process, which is much 

more economical. Put into a retort 16 parts of acetate of 

lead, 6 parts of strong sulphuric acid, and 9 parts of alcohol, 

Distil over 10 parts. Agitate this liquid with a third of its 

| bulk of lime-water, and decant off the ether, which will swim 

on the surface. It usually amounts to six parts.} 

Scheele could not succeed in obtaining ether by Lauraguais’ Scheele 
process; most likely because he neglected to return the dis- 
tilled liquid a sufficient number of times into the retort. But 
he discovered another, by which it may be obtained without 
difficulty. Nothing more is necessary than to add a little sul- 
phuric acid to the mixture; or acetic ether may be obtained 
by dissolving one part of acetate of potash in three parts al- 
cohol, adding more sulphuric acid than is sufficient to saturate 
the potash, and then distilling.t 

_ Schulz, an apothecary at Kiel, repeated the experiments of 
Scheele, and found them accurate. His experiments were re- 
peated by Gehlen and Lichtenberg with the same result. They 
affirm that pure acetic acid does not form ether with alcohol, 
but that ether is formed if there be present the smallest quan- 
tity of any other acid.§ ‘The subject has been lately examined 
by Henry || and by Thenard ;** both of whom have shown in 
the most satisfactory manner, that acetic acid and alcohol yield 
an ether by the process of Lauraguais and Pelletier. 

Thenard employed nearly equal weights of a very strong 
acid and alcohol of the specific gravity 0°8056, and repeated 
the distillation 12 times. No gas of any kind was evolved 
during the process, He then mixed the whole together, and 
endeavoured to neutralize the acetic acid by potash. The neu- 
trallization succeeded but imperfectly ; abundance of crystals 
of acetate of potash precipitated. By a cautious distillation 
the acetic ether came over in the first place, and afterwards a 
portion of alcohol, holding a littie ether and acetic acid in so- 
lution. By a subsequent distillation off acetate of potash, the 
acetic ether was obtained perfectly pure. During the forma- 


* Jour. de Phys. xxvii. 141. + Jour. de Chim. iii. 222. 
{ Scheele, 1. 117. § Ann. de Chim. lvii. 94. 
{ Ann. de Chim. Ivni. 199, ** Mem. D’Arcueil, 1. 153. 
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tion of this ether, a quantity of acid as well as of alcohol dis- 


WW —~ appear; both of course enter into the composition of the ether, 


Properties. 


Properties. 


or at least their constituents enter. 

Acetic ether is limpid and colourless; it has an agreeable 
odour of ether and acetic acid. It does not redden vegetable 
blues. It has a peculiar taste, different from that of all other 
substances, and bearing no resemblance to that of alcohol. Its 
specific gravity at the temperature of 444° is 0°866. It boils 
at the temperature of 160°. It burns with a yellowish-white 
flame, and acetic acid is developed during its combustion. It 
does not undergo any change by keeping. At the temperature 
of 62° it requires more than seven times its weight of water to 
dissolve it. 

Though allowed to remain in contact with water, or dissolved 
in it, no change takes place; but when left in contact with 
caustic potash, acetic acid is gradually evolved, which saturates 


the alkali. If it be distilled in this state, aleohol comes over . 


very much diluted with water. No gaseous matter is disen- 
gaged. Hence it seems to be nothing else than a compound 
of acetic acid and alcohol. The acid is neutralized in the 
ether, as it exhibits none of its usual properties. 

I am disposed to consider acetic ether as a compound of 2 
atoms of olefiant gas and 1 atom of acetic acid. On that sup 
position its constituents will be 


7 Atoms hydrogen .... = 0°875 


§ Atoms carbon -,....., =" 
3 Atoms OSV s,s = 3" 
9°S875 


So that its weight is 9°875, and it isa compound of no fewer 
than 18 atoms. 


SECT Vit: 
OF FORMIC ETHER. 


Tuts ether was first formed by Gehlen. It may be prepared 


precisely in the same way as acetic ether, merely substituting 
the formic acid for the acetic. 


When pure, it has an agreeable odour, very similar to that 
of peach kernels. Its taste is likewise similar, leaving an im- 
pression of ants. Its specific gravity, at the temperature of 


VOLATILE OILS. 


63°, is 0'9157. It burns with a blue flame, edged with yellow, 
and at the temperature of 63° is soluble in nine times its weight 
of water.* This ether has not been analyzed, but if we con- 
sider it from analogy as a compound of 2 atoms olefiant gas 
and 1 atom formic acid its constitution will be as follows : 


5 Atoms hydrogen .... = 0°625 


Gaus Carbon ...... = 4°5 
S peoms Oxygel..... =O" 
8°125 


So that its weight is §°125, and it contains 14 atoms of sim- 
ple bodies. 

Scheele could not succeed in his attempts to form ether by 
means of the following acids : 


1. Muriatic. 4, Benzoic. 7, Succinic. 
2. Fluoric. 5. Tartaric. gs. Arsenic. 
3. Boracic. 6. Citric. 


But we have seen that an ether may be formed by means of 
the first and last of these acids. It would seem that before an 
acid be capable of forming ether, it must be volatile and have 
a strong affinity for water. 


CHAP. II. 
OF VOLATILE OILS. 


Tue term oil is applied to a number of unctuous liquids, 
which, when dropped upon paper, sink into it, and make it 
seem semitransparent, or give it what is called a greasy stain. 
These bodies are very numerous, and have been in common 
use from time immemorial. Chemists have divided them into 
two classes; namely, volatile and fixed oils. We shall con- 
sider the properties of the first of these classes in this chapter. 
The fixed oils will occupy our attention in the next. A third 
class of oils might be added which possess intermediate pro- 
perties between the fixed and the volatile. 

VoLATILE OILS, called also essential oils, are distinguished 
by the following properties: 


* Schweigger’s Journal, iv. 1. 
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1. Liquid; often almost as liquid as water ; sometimes viscid. 

2. Very combustible. | 

3. An acrid taste and a strong fragrant odour. 

4, Volatilized at a temperature not higher than 212°. 

5. Soluble in alcohol, and imperfectly in water. 

6. Evaporate without leaving any stain on paper. 

By this last test it is easy to discover whether they have been 
adulterated with any of the fixed oils. Leta drop of the vo- 
Jatile oil fall upon a sheet of writing paper, and then apply a 
gentle heat to it. If it evaporates without leaving any stain 
upon the paper, the oil is pure; but if it leaves a stain, it has 
been contaminated with some fixed oil or other. 

Volatile oils are almost all obtained from vegetables, and 
they exist in every part of plants; the root, the bark, the wood, 
the leaves, the flower, and even the fruit, though they are 
never found in the substance of the cotyledons; whereas the 
fixed oils, on the contrary, are almost always contained in 
these bodies.* 

When the volatile oils are contained in great abundance in 
plants, they are sometimes obtained by simple expression. This 
is the case with the oil of oranges, of lemons, and of berga- 
motte; but in general they can only be obtained by distilla- 
tion. The part of the plant containing the oil is put into a 
still with a quantity of water, which is distilled off by the ap- 
plication of a moderate heat. The oil comes over along with 
the water, and swims upon its surface in the receiver. By 
this process are obtained the oil of peppermint, thyme, laven- 


der, and a great many others, which are prepared and em- 


ployed by the perfumer. Others are procured by the distilla- 
tion of resinous bodies. This is the case in particular with oil 
of turpentine, which is obtained by distilling a kind of resi- 
nous juice, called turpentine, that exudes from the juniper. 

Volatile oils are exceedingly numerous. They have been 
long known; but as their use in chemistry is but limited, they 
have not hitherto been subjected to an accurate chemical in- 
vestigation. ‘They differ greatly in their properties from each 
other; but it is impossible at present to give a detailed account 
of each. 

1. The greater number of volatile oils are liguid, many in- 
deed are as limpid as water, and have nothing of that appear- 
ance which we usually consider as o7/y. This is the case with 


* Fourcroy, vii. 352. 
= 
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the following; namely, oil of turpentine, oranges, lemons, ber- subaiv. vt. 

gamotte, roses. Others have the oily viscidity. It varies in (2 &* 

them in all degrees. This is the case with the oils of mace, 

cardamom, sassafras, cloves, cinnamon. Others have the pro- 

perty of becoming solid. This is the case with the oils of pars- 

ley, fennel, aniseed, balm. Others crystallize by slow evapo- 

ration. This is the case with oil of thyme, peppermint, mar- 

joram. The oil of nutmegs has usually the consistence of but- 

ter.* ‘This is the case also with the oil of hops and of pepper. 

| 2. The colour of the volatile oils is as various as their other Colour. 
properties. A great number are limpid and colourless, as oils 

of turpentine, lavender, rosemary, sayine, aniseed. Some are 

yellow, as spike, bergamotte. Some are brown, as thyme, sa- 

vory, wormwood. Others blue, as camomile, motherwort. 

Others green, as milfoil, pepper, hops, parsley, wormwood, ca- 

jeput, juniper, sage, valerian. Others, though at first colourless, 

} become yellow or brown by age, as cloves, cinnamon, sassafras. 

| 3. Their odours are so various as to defy all description. It odour. 

| is sufficient to say, that all the flagrance of the vegetable king- 

i dom resides in the volatile oils. Their taste is always acrid, 

hot, and exceedingly unpleasant. 

| 4, Their specific gravity varies very considerably, not only specise 

| in different oils, but even in the same oil in different circum- iki 

i stances. The following are the specific gravities of several of 

| the volatile oils, as ascertained: by Dr. Lewis.t 


| Oil of sassafras ...... 11094 Oil of Tansy ........ 946 


Cinnamon .... 1°035 Carraway seeds. *940 
eC ae 1:034 Origanum .... ‘940 
POTN ss oe st py DOG SDS sy sta erg Se 
1. Se em "994. Rosemary .... ‘934 
Pennyroyal.... ‘978 Juniper berries . -911 
CHEAIBUE are oe ie (ILO Oranges, «0010 ‘B88 


LT rar 4: 
Nutmegs.:.... ‘948 


Turpentine .... °792 


When the volatile oils are heated in the open air, they eva- volatite. 
porate readily, and without alteration, diffusing their peculiar 
odours all around; but there is a considerable difference be- 
tween the different oils in this respect. When distilled in 
elose vessels, they do not so readily assume the form of va- 


* Fourcroy, vil. 505. Eng. Trans. 
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pour. Hence they lose their odour, become darker in colour, 
and are partly decomposed. Oils do not seem very suscep- 
tible of assuming the gaseous form, unless some other sub- 
stance, as water, be present. 

When exposed to the action of cold, they congeal like the 
fixed oils ; but the temperature necessary to produce this ef- 
fect varies according to the oil. Some of them, as oil of anise 
and of fennel, become solid at the temperature of 50°: frozen 
oil of bergamotte and of canella become liquid at 23°; oil of 
turpentine at 14°.* Margueron exposed several volatile oils 
to a cold of —17°. They congealed or rather crystallized par- 
tially, and at the same time emitted an elastic fluid. These 
crystals consisted partly of the oils themselves, partly of other 
substances. Some of them had the properties of benzoic acid.t 

5. Volatile oils, when exposed to the action of light in close 
vessels, aud excluded from common air, undergo very singular 
changes. ‘Their colour becomes deeper, they acquire a ereat 
deal of consistency, and their specific gravity is considerably 
increased. ‘The cause of these changes is but imperfectly 
known. ‘Tingry, to whom we are indebted for these interest- 
ing researches, has proved that light is a necessary agent. It 
was supposed formerly that they were occasioned by the ab- 
sorption of oxygen; and when oxygen is present, it has been 
ascertained that it is absorbed: but Lingry has proved that 
the same changes go on when oxygen is excluded. This phi- 
losopher ascribes them to the fixation of light. If this be the 
real cause, the quantity of light fixed must be enormous; for 
as the specific gravity of the oils is increased considerably 
while the bulk continues the same, it is evident that the abso- 
lute weight must be increased proportionably. One circum- 
stance, however, renders this conclusion somewhat doubtful, at 
least in its full extent; and that is, that the quantity of change 
was always proportional to the quantity of the oil and the 
quantity of air contained in the vessel. t 

I]. It is probable that the volatile oils absorb and combine 
with the different supporters of combustion, though no correct 
set of experiments has been hitherto made on the subject. 

1. When volatile oils are exposed to the open air, they gra- 
dually become deeper coloured, and acquire more and more 
viscidity, while at the same time their odour diminishes. Dr. 


* Margueron, Jour. de Phys. xlv. 136. + Ibid. 
} Tingry, Jour. de Phys, xlvi. 161 and 249. 
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Priestley first ascertained that they imbibe oxygen with rapi- 
dity, and that the changes are owing to this absorption. He 
tried the experiment only with oil of turpentine, but he found 
| that the air above oils of mint and cinnamon, confined in 
phials half full, was deprived of its oxygen.* He ascertained 
_ likewise, that, independent of this disposition to absorb oxy- 
gen, oil of turpentine has the property of imbibing a consider- 
able quantity of air, which may be afterwards extricated by 
means of the air-pump.+ According to Fourcroy, this ab- 
sorption of oxygen is accompanied by the formation of water. 
His evidence for this is, that drops of water, he says, are often 
perceptible at the surface of those oils that are kept in ves- 
sels not properly closed.{ By long exposure the volatile oils 
assume the form of resins. 

When the volatile oils are heated sufficiently in the open air, 
they take fire and burn with a clear bright flame, emitting a 
vast quantity of smoke. The products of the combustion, be- 
sides the soot, are water and carbonic acid. 

2. Oil of turpentine at least absorbs and combines with chlo- 
rine, and the properties of the new compound are very differ- 
ent from those of oil of turpentine. Mr. Porrett caused the 
vapour of oil of turpentine and chlorine gas to pass together 
through a glass tube into a receiver. ‘There was formed a 
very thick heavy white oil, which sank immediately in water, 
and which smelt and tasted very much like nutmegs, but com- 
maunicated rather a more caustic sensation to the tongue.§ A 
similar compound seems to have been obtained by Dr. John 
Davy by mixing perchloride of tin with oil of turpentine.|| 

3. The action of iodine on volatile oils has not been tried. 

III. The action of the simple combustibles upon the volatile 
oils is not remarkable. They do not absorb hydrogen as far 
as is known, neither are they altered by charcoal. When di- 
gested upon sulphur at the temperature at which the sulphur 
melts, they dissolve a portion of it, acquire a brown colour, 
and a disagreeable taste and smell. ‘These preparations are 
called balsams of sulphur. <A portion of the sulphur crystal - 
lizes as they cool.** When these balsams are heated strongly, 
a vast quantity of gas (probably sulphuretted hydrogen) is 


* Priestley on Air, 11. 232. + Ibid. 
{ Fourcroy, vil. p.501. Eng. Trans. 
§ Nicholson’s Journal, xxxii1. 195., {f Tord "pte 


** Elemens de Chymie of the Dijon Academy, 11. 357. 
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evolved so rapidly as to occasion very violent explosions, un 
less proper precautions be taken.* 

The volatile oils dissolve likewise a portion of phosphorus in 
a digesting heat; but most of them deposite the whole of it 
again as the solution cools. Hoffman pointed out a method 
of renderiug the solution permanent. It was the following: 
Triturate together 10 parts of camphor and 1 of phosphorus. 
This mixture dissolves readily in most volatile oils, as in oil of 
cloves, and forms a solution which has the property of render- 
ing every thing luminous which is rubbed with it, and this 
without combustion.t ‘This seems to have been the solution 
so much used by Boyle, under the name of liguid phosphorus. 

IV. The alkalies and earths act but feebly upon the volatile 
oils. ‘The I'rench chemists have proposed to give the combi- 
nations which these bodies form with the volatile oils the name 
of savonules, which Dr. Pearson has translated by the term sa- 
ponules ; but these denominations have not been adopted by 
chemists. 

Whoever considers the tedious trituration of potash and oil 
of turpentine together, by which the medicinal preparation 
called Starkey’s soap is prepared, and compares it with the fa- 
cility with which that alkali dissolves common turpentine, will 
be inclined to believe that the combination takes place only in 
so far as the oil is converted into a resin; and that it is not the 
oil which has the property of uniting with potash, but the re- 
sin formed by its absorbing oxygen from the atmosphere. In« 
deed it is not improbable, that the volatile oils absorb and part 
with oxygen, with much greater facility than has been hitherto 
supposed; and that during many of their solutions these 
changes take place. Volatile oils seem to unite to alkalies and 
earths only when united to oxygen so as to form resins; while 
resins, on the other hand, may probably owe their solubility in 
alcohol to their parting with oxygen, and assuming the state 
of volatile oils. Some recent experiments of Mr. Hatchett at 
least render the last supposition not improbable. I shall men- 
tion one: He took about half a pound of the common yellow 
resin of the shops, and having dissolved it in rather less than 


* Hoffman relates a remarkable story of the violent effects of such an ex- 
plosion by way of caution to the chemists of his time.—Observationes Phys. 
Chem. p. 308. 

+ Hoffman, Observ. Phys. Chem. p. 307. 

{ The term saponule does not agree well with the idiom of our language. 
The word subsoap, or something similar, would have been better. 
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a quart of alcohol, he poured the clear solution from the dregs 
and impurities into a glass basin containing about two quarts 
of distilled water. He placed this basin on a sand-bath, and 
heated it moderately for about four hours. The principal part 
of the resin was precipitated during this digestion. Next day 
the milky liquor was poured off the precipitate, and evaporated 
to dryness in an open vessel. During the evaporation, brittle 
films of perfect resin were formed successively on the surface 
of the liquor, and the dry residue, after evaporation, was like- 
wise complete resin; but the portion which had precipitated in 
the first basin, and which constituted the chief part of the ori- 
ginal, was not in the state of resin, but of common turpentine. 
‘These phenomena indicate in a very unequivocal manner, that 
oxygen had been taken from the resin during its solution in 
alcohol. Hence the portion which precipitated immediately 
when the solution was poured into water, not being in contact 
with the air, fell down in the state of turpentine ; while the por- 
tion that continued in contact with air became perfect resin. 

V. When agitated with water, the greater number of the 
volatile oils render it milky, and communicate to it their pe- 
culiar odour. Several of them when dropped upon sugar, if 
the sugar be afterwards dissolved in water, form a permanent 
solution, to which the name of oleo-saccharum has been given. 
Margueron has shown that this property belongs only to the 
purest and most limpid part of the oils. 

They are all soluble in alcohol, ether, and fixed oils; though 
they vary considerably in the facility with which they unite to 
alcohol. Oil of turpentine, for instance, is known to unite 
slowly with that liquid. When 1 part of that oil is dissolved 
in 7 parts of alcohol, the oil separates by degrees, and sinks to 
the bottom.* 

VI. The action of the acids upon the volatile oils has been 
but imperfectly examined. 

Sulphuric acid acts upon them with considerable energy : 
dissolving them, converting them at first to a substance of a 
resinous nature, and at last reducing them to the state of char- 
coal. Hence we may procure the oil in very different states, 
_ by separating it from the acid at the end of a longer or shorter 
interval by pouring the mixture into water. When a volatile 
oil is dropped very slowly into four times its weight of sul- 
phuric acid, triturating constantly after every addition, a so- 


* Neuman’s Chem. p. 288. 
WOOL. {I, 2B 
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poured into 3 or 4 parts of water, and then gently heated, a 
brown mass separates, which was formerly known by the name 
of an acid soap. Achard is the only chemist who has exa~ 
mined these combinations with attention. His experiments 
were made chiefly on oil of turpentine. ‘The mass which se- 
parates when this oil and sulphuric acid are treated as above 
described, is of the consistence of soft wax, soluble in water 
and alcohol; and when decomposed by an alkali, the oily mat- 
ter which separates unites readily with alkalies.* Hence it ap- 
pears that it has approached the state of ‘a resin. 

Muriatic acid has much less action on them than the sul- 
phuric. From Achard’s trials it dissolved ith of its weight 
of the oil of sassafras. The portion dissolved is probably al- 
tered. With muriatic acid oil of turpentine combines and 
forms a compound very similar in its appearance to camphor. 

When nitric acid is thrown upon them suddenly, and in a 
concentrated state, it acts with such energy as to set them on 
fire; but when sufficiently diluted with water it dissolves them, 
and converts them into a yellow substance similar to resin. 
Chlorine acts in the same way, though with less energy. 

VII. The action of the volatile oils on metals has not been 
examined with care, but it cannot be remarkable. Margueron 
has tried the effect of some of the salts of mercury upon se- 
veral volatile oils. The following are the facts ascertained by 
this chemist: When oil of rosemary is kept over nitrate of 
mercury, the salt is gradually decomposed, and the oil acquires 
a deep colour. Corrosive sublimate, in like manner, deepens 
the colour and increases the consistence of oils of citron, chey- 
ril, hyssop, lavender, rosemary, and peppermint; while it is at 
the same time partly converted into calomel. Neither the mu- 
riate of mercury, nor the sulphuret of that metal, produce any 
change in the oils of lavender and rosemary: but by this last 


oil the red oxide of mercury is converted into the black, though 


the oil does not experience any sensible change. ‘The chloride 


of antimony is likewise decomposed by the oil of rosemary.} 


VIII. From the effects of the acid supporters on the vola- 
tile oils, and from the products which they yield when burnt, 
it has been concluded that they are composed of hydrogen and 


* Jour. de Phys. xvi. 409. 
+ Elemens de Chymie of the Dijon Academy, iil. 361. 
t Ann. de Chim. xlvil. 66. 
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carbon, sometimes united with various proportions of oxygen 
according to circumstances: but no exact analysis has yet been 
made of any of them. 

IX. Volatile oils are applied to a great number of uses: 
Some of them are employed in medicine; some of them, as oil 
of turpentine, are much used to dissolve resins, which are af- 
terwards employed as varnishes. Not to mention their em- 
ployment in painting and in perfumery. 


CHAP. IV. 
OF FIXED OILS. 


Tue fixed oils being very numerous, it has not hitherto 
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been possible for chemists to examine each of them minutely. 


But Chevreul has been employed for the last eight years ina 
very laborious investigation of those animal fixed oils, which 
are capable of being converted into soap; and he has found 
three distinctly characterized bodies which he has described 
with precision, and distinguished by the following names. 


1. Stearin. 2. Elain. 3. Spermaceti. 


When these bodies are acted on by salifiable bases they are con- 
verted into three substances which possess acid properties, and 
which by their union with soda constitute hard soap. These 
acid bodies he calls 


Margaric acid. Oleic acid. Cetic acid. 


It is necessary to explain the properties of all these bodies 
in the present chapter, because without a knowledge of them 
it would be impossible to understand the nature of soaps, or 
to form a theory of saponification. I shall therefore divide this 
chapter into seven sections. In the first section I shall give a 
general idea of the properties which characterize the fixed oils, 
and in the remaining six sections describe the six substances 
which have been investigated and characterized by Chevreul. 


SECT. I. 
OF THE FIXED OILS IN GENERAL. 


Tur fixed oils, which are of such extensive utility in the 

~ . ee 

arts, were known at a very remote period. They are mentioned 
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in Genesis, and during the time of Abraham were even used 


\ in lamps.* The olive was very early cultivated, and oil ex- 


Characters, 


Prepara- 
tion. 


tracted from it, in Egypt. Cecrops brought it from Sais, a 
town in Lower Egypt,-where it had been cultivated from time 
immemorial, and taught the Athenians to extract oil from it. 
In this manner the use of oil became known in Europe.f¢ But 
the Greeks seem te have been ignorant of the method of pro- 
curing light by means of lamps till after the siege of Troy; at 
least Homer never mentions them, and constantly describes 
his heroes as lighted by torches of wood. 

FrxEp o1Ls are distinguished by the following characters: 

1. Liquid, or essily become so when exposed toa gentle heat. 

2, An unctuous feel. 

3. Very combustible. 

4, A mild taste. 

5. Boiling point not under 600°. 

6. Insoluble in water and nearly so in alcohol. 

7. Leave a greasy stain upon paper. 

These oils, which are also called fat or expressed oils, are 
numerous, and are obtained, partly from animals and partly 
from vegetables, by simple expression. As instances, may be 
mentioned whale oil or train oil, obtained from the blubber of 
the whale and from cod; olive oil, obtained from the fruit of 
the olive; linseed oil and almond oil, obtained from linseed 
and almond kernels. Fixed oils may also be extracted from 
poppy-seeds, hemp-seeds, beech-mast, and many other vege- 
table substances. 

It deserves attention, that the only part of vegetables in 
which fixed oils are found is the seeds of bicotyledonous plants. } 
In animals they are most usually deposited in the liver, though 
they are found also in the eggs of fowls. 

All these oils differ from each other in several particulars, 
but they also possess many particulars in common. 

1. Fixed oil is usually a liquid with a certain degree of vis- 
cidity, adhering to the sides of the glass vessels in whieh it is 
contained, and forming streaks. It is never perfectly transpa- 
rent, having always a certain degree of colour; most usually 
it is yellowish or greenish. Its taste is sweet, or nearly insi- 
pid. When fresh it has little or no smell. 

There exist also in the vegetable kingdom a considerable 
number of bodies, which, at the ordinary temperature of the 


* Gen. xv. 17. + Herodot. lib. 11. 59 and 62. t Fourcroy, vii. 319. | 


FIXED OILS IN GENERAL. 


atmosphere are solid, aud have hitherto been considered as 
fixed oils, Palm oil may be mentioned as an example, which 
has been subjected to a chemical examination by Dr. Bostock.* 
The various substances used in India and Africa as substitutes 
for butter, and as unguents, may likewise be mentioned. Most 
of them are obtained from the seeds of trees; different species 
of the bassia, as the butyracea, longifolia, latifolia, obovata, 
yield this butyraceous matter. ‘They have been described by 
Dr. Roxburgh.t+ The shea or butter tree of Africa, described 
by Park, seems also to be a species of bassia. These sub- 
stances, from the experiments of Dr. Bostock, appear to differ 
a little from the liquid fixed oils in their properties, and to ap- 
proach the nature of wax. ‘Thus they are sensibly soluble in 
alcohol and ether, and do not combine so readily with alkalies 
as the fixed oils. 

2. All the fixed oils hitherto examined are lighter than 
water: but they differ greatly from one another in specific gra- 


vity. The same difference is observable in different samples 


of the same oil. The following table contains the specific gra- 
vity of such oils as have been examined : 
Oil of palmf{..... 22+ 0°968 
Hazel-nutst... 0°941 
Poppiest...... 0°939 
Linseed§...... 0°932 
Mdies:) we se 
Walnutst .... 0°923 to 0°947 
Beech-nutt ... 0°923 
Dew pr VAs 0°917 
Ohivesin.ws 0°913 
Rape-seed || . .. 0°913 
Cacio® es. A 692 
3. Fixed oil does not begin to evaporate till it be heated 
above the boiling point of water. , As the heat increases, a 
pretty copious vapour may be seen rising from it; but the oil 
dees not begin to boil till it is heated nearly up to the temper- 
ature of 600°.++ At that temperature it may be distilled over; 
but it is always somewhat altered by the process. Some water 


* Nicholson’s Jour. xvi. 161. 

+ Ibid. xix. 372. ¢ Fabroni, Crell’s Annals, 1797, ii. 123. 
§ Shaw’s Boyle, ii. 346. || Ibid. ** Brisson. 

++ Linseed-oil, according to Morveau, boils at 590°. Ann. de Chim. xc. 


122. Whale oil boils at 640°, and may be heated up to 650°. After being 
distilled over it boils at 410°. 
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and acetic acid seem to be formed, a little charcoal remains in 


~~ the retort, and the oil obtained is lighter, more fluid, and has 


Action of 
air. 


Drying oils. 


a stronger taste than before. Oil, thus distilled, was formerly 
distinguished by the name of philosophical oil. During the dis- 
tillation, a great quantity of heavy inflammable air is obtained. 

Fixed oil when in the state of vapour, takes fire on the ap- 
proach of an ignited body, and burns with a yellowish-white 
flame. It is upon this principle that candles and lamps burn. 
The tallow or oil is first converted into the state of vapour in 
the wick; it then takes fire, and supplies a sufficient quantity 
of heat to convert more oil into vapour; and this process goes 
on while any oil remains. ‘The wick is necessary to present a 
sufficiently small quantity of oil at once for the heat to act 
upon. If the heat were sufficiently great to keep the whole 
oil at the temperature of 600°, no wick would be necessary, as 
is obvious from oil catching fire spontaneously when it has 
been raised to that temperature. When oil is burnt in this 
manner, either in the open air or in contact with oxygen gas, 
the only new products obtained are water and carbonic acid. 

When exposed to the action of cold, fixed oils lose their 
fluidity, and are converted into ice; but this change varies ex- 
ceedingly in different oils. 

4, When fixed oils are exposed to the open air, or to oxy- 
gen gas, they undergo different changes according to the na- 
ture of the oil. All of them, as far as experiment has gone, 
have the property of absorbing oxygen; and by uniting with 
it they become more and more viscid, and terminate at last in 
a solid state, being apparently saturated with oxygen. Now 
there are some oils that retain their transparency after they 
have become solid; while others become opaque, and assume 
the appearance of tallow or wax. ‘This circumstance has given 
occasion to the division of the fixed oils into two classes : ‘Those 
that remain transparent are called drying oils, while those that 
become opaque are called fat oils. 

5. The drying oils are used as the vehicle of paints and 
varnishes. Linseed, nut, poppy, and hemp-seed oils, belong 
to this class. ‘These oils, in their natural state, possess the 
property of drying oils, but imperfectly. ‘To prepare them 


for the use of the painter and varnish-maker, they are boiled © 


for some time in an iron pot. By this process they are partly 
decomposed ; abundance of watery vapour and of carburetted 
hydrogen gas is separated from them. They become deeper 


coloured, and acquire greater consistency. It is-common for 
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some purposes to set them on fire, to allow them to burn for Subaiv. vi. 


some time, to extinguish them by covering up the vessel in 
which they are contained, and to continue the boiling till they 
acquire the proper degree of viscidity. By this process they 
lose their unctuous quality in a great measure, so as not to 
leave a greasy stain upon paper, and approach the nature of 
resins, with this difference, that they do not become brittle, 
but retain a degree of toughness and ductility, not unlike 
what in this country is called wrought rosin, or shoemaker’s 
rosin. It is common also in preparing the drying oils to boil 
them with a little litharge. The change which happens to 
the oils by this process has not been precisely ascertained. 
Probably they absorb oxygen from the air, and we know that 
they undergo a partial decomposition. When they burn for 
some time, their unctuous quality is much more completely 
destroyed than by any method which has yet been practised. 
Hence it is followed frequently in preparing the drying oils 
for varnishes, and always for printer’s ink, which requires to 
be as free as possible from all unctuosity. 

Nut-oil has been found preferable to all other oils for 
printer’s ink ; though the dark colour which it acquires during 
boiling renders it not so proper for red ink as for black. 
Linseed oil is considered as next after nut-oil in this respect. 
Other oils cannot be employed, because they cannot be suf- 
ficiently freed from their unctuosity. Ink made with them 
would be apt to come off and smear the paper while in the 
hands of the book-binder, or even to spread beyond the mark 
of the types, and stain the paper yellow, ‘The process for 
making printer’s ink is as follows: 

The oil is made to boil in an iron pot only half filled, set 
on fire, and allowed to burn for half an hour or more, then 
boiled gently till it acquires the proper consistence. In this 
state it is called the varnish. ‘Two kinds are prepared, a 
thicker and a thinner. The thicker is of such a consistence 
that it draws into threads when cold like weak glue. This 
varnish is afterwards ground with lamp-black in the propor 
tion of two ounces and a half to sixteen ounces of oil. When 
newly prepared oil is used for making ink, it is said to be neces- 
sary to add a little boiled oil of turpentine and a little litharge; 
but this is said to have the effect of causing the ink to stick so 
firmly to the types, that it can with difficulty be removed. Old 
oil does not require this addition.* 


* Lewis, Phil. Com. p. 371, 
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Oil prepared by the process above described, is still inso= 
luble in alcohol and water, but it unites readily to more oil. 
It dries into a tough mass like turpentine, and afterwards is 
scarcely susceptible of uniting with oil. Dr. Lewis found 
that linseed oil, when thus converted into a thick varnish, 
lost 4th of its weight ; when’ boiled till it became quite stiff 
when cold, it lost nearly + of its weight.* The property 
which printer’s ink has of adhering to moistened paper shows 
that the oily nature of the body is greatly altered. In some 
respects it has approached the nature of mucilage, though in 
others the difference is very great. 

6. The fat oils, when exposed to the atmosphere, gradually 
become thick, opaque, and white, and assume an appearance 
very much resembling wax or tallow. Olive-oil, oil of sweet 
almonds, of rape-seed, and of ben, belong to this class. 

When oil is poured upon water, so as to form a thin layer 
on its surface, and is in that manner exposed to the atmo- 
sphere, these changes are produced much sooner. Berthollet, 
who first examined these phenomena with attention, ascribed 
them to the action of light: but Sennebier observed that no 
such change was produced on the oil though ever so long ex- 
posed to the light, provided atmospherical air was excluded ; 
but that it took place on the admission of oxygen gas, whether 
the oil was exposed to the light or not./ It cannot be 
doubted, then, that it is owing to the action of oxygen. It is 
supposed at present to be the consequence of the simple ab- 
sorption of oxygen and its combination with the fat oils. 

7. The action of fixed oils upon the simple combustibles is 
not very remarkable. 

Hydrogen, as far as known, does not act upon them. When 
they are filtered through charcoal power, they are rendered 
purer; but on account of the great difficulty of separating the 
charcoal from fixed oils, it cannot be employed with ad- 
vantage for purifying them.{ Black paint is usually nothing 
else than charcoal in some state or other ground up with a 
drying oil. 

The fixed oils likewise dissolve a small proportion of phos- 
phorus when assisted by heat. The combination succeeds 
easiest ifa mixture of oil, water, and phosphorus be boiled 
for a little in a glass vessel. These oily phosphurets emit the 


* Lewis, Phil. Com. p. 372. ft Ann. de Chim. xi. 89. 
} Kels, Crell’s Annals; ii. 274, Eng. Trans. 
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odour of phosphuretted hydrogen, and yield, when distilled, subaiv. vr. 
a portion of that gas. When rubbed in the open air, or Alig 
when spread upon the surface of other bodies, they appear 
luminous, in consequence of the combustion of the phosphorus. 

When hot oils saturated with phosphorus are allowed to 

cool, the phosphorus crystallizes in octahedrons, as Pelletier 
ascertained. , 

They readily dissclve sulphur when assisted by heat. The 
solution assumes a reddish colour. When distilled, there 
comes over a great quantity of sulphuretted hydrogen gas. 
When the solution is allowed to cool, the sulphur is deposited 
in crystals. By this process Pelletier obtained sulphur in re- 
gular octahedrons. 

8. The fixed oils are all insoluble in water. When agitated of water, 
with that liquid, the mixture becomes milky, but the oily par- 
ticles gradually separate and swim upon the surface. The 
presence of a mucilaginous substance, as gum arabic, prevents 
the oil from separating, and occasions, of course, a permanent 
milkiness. Such mixtures are called emulsions. ‘They are 
often formed by triturating oily seeds, as almonds, with 
water; the two ingredients necessary to form an emulsion, 
oil and mucilage, being present in the seed. 

Most of the fixed oils are but sparingly soluble in alcohol. 

Mr. Brande found that very little olive or almond oil was 
taken up by alcohol of the specific gravity 0°820. Linseed 
oil is more soluble, and alcohol dissolves any quantity what- 
ever of castor oil. On that account this oil is sometimes em- 
ployed to adulterate volatile oils of high value, especially oil 
of cloves.* 

In general the fixed oils are somewhat more soluble in sul- 
phuric ether than in alcohol. our measures of sulphuric 
ether of the specific gravity 0°7563 were found by Mr. Brande 
to dissolve 1-. measure of almond oil, 1} measure of olive 
oil, 21. measures of linseed oil, and any quantity whatever of 
castor oil.+ ; 

The fixed oils unite readily with each other, with volatile 
oils, and likewise with bituminous and resinous substances. 

9. The alkalies unite readily with the fixed oils, and form attaties. 
the important compounds called soaps. ‘The fat oils enter 
into these combinations more readily than the drying oils. 


* Phil. Trans. 1811, p. 264. 
¢ Ibid. Equal volumes of sulphuric ether and castor oil united together 
has been found a useful external application in rheumatism. | 


378 


Book Il. 
Division I. 


Acids. 


Acid soaps. 


Action on 
metals, 


FIXED OILS. 


The earths likewise combine with these oily bodies, and form 
a kind of soap insoluble in water, and are therefore not capae 
ble of being applied to the same uses as common soap. 

10. The combustible acids, as far as is known at present, 
do not unite with oils; neither has the muriatic acid any re- 
markable effect. Phosphoric acid, when concentrated, deepens 
their colour, and gives them a peculiar smell, especially if 
assisted by heat: a proof that it acts upon them.* The sul- 
phuric acid acts with much greater energy. The oils become 
immediately black, and assume gradually the properties of 
bitumen in proportion to the continuance of the action. If 
the acid be allowed to remain long enough, they are com- 
pletely decomposed ; water is formed, charcoal precipitated, 
and an acid evolved.t Other products doubtless also make 
their appearance, though the action of this acid on oils has 
not yet been examined with sufficient care. Nitric acid acts 
with still greater energy. When poured suddenly upon the 
drying oils, it sets them on fire. The same effect is produced 
upon the fat oils, provided the acid be mixed previously with 
a portion of the sulphuric. When the nitric acid is sufficiently 
diluted, it converts the drying oils into a yellow resinous-like 
mass, and the fat oils to a substance very like tallow. But 
the action of this acid upon fixed oils has not yet been suffi- 
ciently examined. 

Many attempts have been made by chemists to form per- 
manent compounds of the concentrated acids and oils under 
the name of acid soaps. The only acid which was found to 
answer was the sulphuric. Achard published a number of 
experiments on these compounds. ‘They dissolve in water, 
and lather like common soap; but as they are not in reality 
permanent compounds, they cannot be used with much pros- 
pect of advantage. 

11. The fixed oils act (though feebly) upon some of the | 
metals when the atmospheric air is not excluded. Copper is 
soon corroded by them, and a dark green solution obtained. 
The only other metal upon which they are known to act in 
the same manner is mercury. By triturating mercury with 
fixed oils, it gradually disappears, and a bluish coloured un- 
guent is formed; consisting, in part at least, of the black oxide | 
of that metal united tothe oil. But this experiment scarcely _ 


* Elemens de Chimie of the Dijon Academy, iii, 142. 
+ Foureroy, vii. 330. 
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succeeds, except with those oils which are in a state approach- pane 
ing to solidity. | mele 
But upon the metallic oxides the fixed oils act with greater 
energy. They dissolve the white oxide of arsenic with great 
facility, as was shown long ago by Brandt. When boiled 
with the oxides of mercury, lead, or bismuth, they form very 
tough solid compounds, called plasters. | 
12. Fixed oils are liable, by keeping, to undergo a change Rancidity. 
well known by the name of rancidity. ‘They become thick, 
acquire a brown colour, an acrid taste, and a disagreeable 
smell. The oil thus altered converts vegetable blues into 
red, and of course contains an acid. It is believed at present 
that this change is owing to the alteration of the foreign sub- 
stances present in oils, or to the action of those foreign bodies 
upon the oily matter itself. Several of the fixed oils, when 
newly extracted, let fall on standing a quantity of mucilagi- 
nous matter; and from the experiments of Scheele, it appears 
probable that they always retain less or more of a similar 
principle. He boiled together one part of litharge, two parts 
of olive oil, and alittle water. When the oil had acquired the 
consistence of an ointment, it was allowed to cool, and the 
water decanted off. “When this water is evaporated to the Sweet prin- 
; - , - ° ciple of oil. 
consistence of a syrup, it leaves a substance which Scheele 
termed the sweet principle of oils. It does not crystallize, is 
soluble in water and alcohol, and is converted into oxalic acid 
_by the action of nitric acid. When heated, it is partly de- 
composed into a brown oil, and partly volatilized unaltered. 
This substance he obtained also from linseed and rape-seed 
oil, and from oil of almonds. Even the oil disengaged from 
soap yielded him a little of it.* Similar impurities were sup- 
posed to exist in all fixed oils, and to occasion their rancidity 
by putrefaction. ‘This rancidity is in some degree diminished 
by agitation with water, but not completely destroyed. Mr. 
Dossie has shown that agitation with the fixed alkaline solu- 
tions and quicklime answers the purpose sufficiently well in 
purifying oils for burning in lamps ; but that they have the pro- 
perty of coagulating a portion of the oil. This however may 
be prevented by adding a quantity of strong brine, which oc- 
casions the separation of the foreign bodies from the oil.+ 
13. When oil is burnt, the only products are carbonic acid Composition 
and water. When repeatedly distilled, or when passed * °"* 


* Scheele’s Opusc. 11. 189. + Nicholson’s Jour. v. 5. 
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through a red hot tube, it appears to be completely converted 
into water, carbonic acid, and heavy inflammable air. Lavoi- 
sier analyzed olive oil by burning it in a vessel filled with 
oxygen gas. But the art of analysis was too little advanced 
at that time to put it in the power of this philosopher with all 
his sagacity to approach very near the truth. Gay-Lussac 
and Thenard made an analysis of olive oil in 1808, by burn- 
ing a determinate quantity of it mixed with chlorate of potash 
and ascertaining the products. They found it a compound of 


Hydrogen .... 13°360 
Carbon ...... 77°213 
Oxygen «2/5 9497 


100°000* 


We have no means at present of determining the equiva- 
lent number for clive oil. But the smallest number of atoms 
which correspond nearly with the preceding composition are 
the following: 


11 atoms hydrogen a 1°375 
10 atoms carbon..... = 7°5 
1 atom oxygen ..... 


l 
posed 
° 


According to this statement olive oil is a compound of 22 
atoms, and its weight is 9°875. Or it may be represented by 
ten atoms of olefiant gas combined with 1 atom of water. Ac- 


cording to these data 100 parts of it by weight would be com-— 


posed of 


Hydrogen .... 14025 
Carbon ...... 75°949 
Oxygen ...... 10126 


Numbers which do not exactly coincide with the analysis of 
Gay-Lussac and Thenard; but which approach to it pretty 
closely. 

M. Theodore de Saussure has subjected hog’s lard to ana- 
lysis both in its natural state and after it has been saponified. 
The following are the results which he obtained.+- 


* Recherches Physico-chimiques, ii, 320. 
+ Phil. Trans, 1819, p. 56, 
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Hogslard. Ditto saponified. 
Carbort acisrediace (1 O° O8S oe wee it One ne 
Hydrogen...... 12°182....006. 11°615 
Oxygen..ceeee+ 8°502... ee eee 12°325 


ADORE. oi-9::08 <a 98 MED rus odle aie sian Ope tae 
100°000 100°000 
Now this, when converted into volumes, becomes 
Hogslard. Ditto saponified. 
Carbon ....+-.- 621°4 volumes. 604°8 volumes. 
Hydrogen..... » STB. ce oe es 5486 
Oxygen..ceeses 25Leseeeees 369 
AZote ...eee: Set Tenis ly sO 
These volumes approach the following 
Hogslard. Ditto saponified. 


Carbon ....+... 25 volumes..... 25 volumes. 
Hydrogen....2. 23seeeeeeeee e+ 225 
Oxygen...seeee  Leceseeeeeees 1°5 


We may substitute atoms for volumes simply by doubling the 
number of volumes of oxygen. This shows us that the com- 
position of hogslard is as follows: 


25 atoms carbon... =18°750 or 12°5 atoms carbon... = 9°3750 
23 atoms hydrogen = 2°875.. 11°5 atoms hydrogen = 1.4375 
g atoms oxygen... = 2°000.. 1°0 atom oxygen..= 1:0000 


23°625 11°8125 


While the saponified lard contains half an atom of hydrogen 
less and 1 atom of oxygen more than the hogslard in its na- 
tural state. Though these calculations do not, in all proba- 
bility, give us the true composition of hogslard, yet they are 
valuable as first approximations. 


SECT. IL. 
OF STEARIN. 


Tuts substance was first described by Chevreul in 1814.* 
It was pointed out likewise by Braconnot in 1815, who does 
not seem aware of what had been previously done by Chevreul, 
or at least takes no notice of it.+ 


* Ann. de Chim. xciv. 129. See also Ann, de Chim, xciv. 74. 
+ Ann. de Chim. xciil. 225. 
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It appears from the experiments of Chevreul that tallow 
and animal fat of every kind is a mixture or combination of 
two distinct oily substances. The first of these, which is solid 


at the usual temperature of the air, he has called stedrin ;* to’ 


the second, which is liquid at the same temperature, he has 
the name of elain.t From the experiments of Braconnot it 
would appear that the fixed oils of the vegetable kingdom have 
the same composition. 

Chevreul obtained stedrin from hogslard by the following 


process. The lard, purified as completely as possible from’ 
foreign matter, was heated in boiling alcohol. When the 


alcohol cooled it deposited white crystalline needles, which 
were stearin. ‘This process was repeated till the whole of the 
lard was dissolved in the alcohol.t The steZrin thus obtained 
in crystals was dissolved a second time in alcohol, and allowed 
to separate in crystals. By this process the whole of the elain 
Is not separated from the stedirin; though probably the quan- 
tity which remains is not considerable. 

The method employed by Braconnot was very simple, and 
seems to show that in fixed oily bodies the stearin and elain 
are not in chemical combination; but merely mechanically 


mixed with each other. If the oil to be examined was liquid, 


he exposed it to cold till it congealed. In this congealed state 
it was subjected to strong pressure between folds ‘of blotting 
paper. ‘The elain was dhtibed by the paper, and the stearin 
remained behind in a solid state. If the oil to be examined 
was already solid, it was not necessary to expose it to cold. It 
was simply subjected to pressure between folds of blotting 
paper. 

Stearin obtained by these processes is white, brittle, and has 
somewhat the appearance of wax. It has little or no smell 
when pure. It is tasteless and produces no change on vegetable 
blues. Stearin from hogslard becomes liquid when heated to 
the temperature of 109°. But there is a considerable differ- 


* From clea, tallow. + From cdo, oil. 
{ The process is greatly facilitated by using absolute alcohol. For the 
solubility of stearin, in alcohol, diminishes at a much greater rate than the 
strength of that liquid. Chevreul found that boiling alcohol of the sp. ev. 
07908 dissolved more than its weight of stearin. 
Alcohol of the sp. gr. 0°7925 dissolved 1 BO 7t 
Alcohol of the sp. gr. 0°505 dissolved & 663, 
Alcohol of the sp. gr. 0 821 dissolved _2.,. 

Aun, de Chum. et Phys. n 361. 
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ence in the melting point of the steiirin from different bodies. 
This will appear by the following table.* 


Stearin from human tallow fuses at.......... 120° 
sheep ...-+seeeeees Fiche Clee 
ERE eck ce ea ee ue cae ow oie 
DO's. so eee. scene oe pete 
2s opatee Meier op aire ee aren TOS 


It is soluble in alcohol, but the stedrin from different bodies 
varies somewhat in its solubility. This will appear by the fol- 
lowing table, for the experiments contained in which we are 
likewise indebted to Chevreul. 100 parts of boiling alcohol 
of the specific gravity 0°7952 dissolve 


21°50 of stearin from man, 
16°07 of stearin from the sheep, 
15°48 of stedrin from the ox, 
18°25 of stearin from the sow, 
36°00 of stearin from the duck. 


When steirin is digested with an alkaline substance the 
greatest part of it is converted into soap, only a small portion 
of it becomes the sweet principle of oils, and a still smaller 1s 
acetic acid. The following table, likewise drawn up by M. 
Chevreul, gives the proportion of stearin from different bodies 
turned into soap by the action of potash, and the proportion 
that continued soluble : 


Portion saponified ..... 94°9 
0) Portion soluble. ..u. 2.4) '5*l 


100°00 


Saponified ......++-++- 94°6 
2 Bobabole:. sissies S04 a OS 


Stearin of man .... 


Stearin of the sheep .. 


100°0 


es Saponified........002+ 95° 
Stearin of the ox na 1*.3 Belle ecoeveeeaee00080 80 @ 4°Q 


100°0 


Saponified ......++++ 94°65 
Soluble .o.c004 006 on win  oe 


Scoeennennenianenee 


100°00 


Stearin of the hog .... 


* Chevreul; Ann, de Chim. et Phys. 11. 363. 
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§ Saponified .......00... O44 
‘dae Soli le- wvle md mmr tenes 


—— 


100°0 


Stearin of the duck.. 


These differences are so small that it is probable they may- 


be rather ascribed to errors in the experiment, than to real 
differences in the quantities of soap formed. 

Stearin usually crystallizes in small needles, and when a 
quantity of it is melted and allowed to congeal, the surface 
becomes very uneven. 


BHC l. Ir 
OF ELAIN. 


Exain may be obtained from the tallow of different animals 
by Chevreul’s process. He dissolves the tallow in alcohol, 
allows the stearin to crystallize, and then distills off the alco- 
hol from the elain. Braconnot’s method appears of easier 
execution, and will probably yield elain of greater purity. 
He procures his stedrin by subjecting the tallow to pressure 
between folds of blotting paper. The paper imbibes the elain. 
‘To separate it he soaks the paper in water and subjects it to 
pressure, the elain is forced out and may easily be collected 
and examined. 

It has very much the appearance of a vegetable oil, and is 
quite liquid at the temperature of 59°. Sometimes it is colour- 
less and destitute of smell; but most commonly it has both, 
owing to the presence of foreign bodies from which it is not 
possible to free it. Chevreul examined particularly elain from 


the tallow of man, the sheep, the ox, the hog, the jaguar, and | 


the duck. The following are the properties of each: 

1. Elain of man—yellow, without smell, of the sp. gravity 
0°913. 

2. Elain of the sheep—colourless, a slight smell of mutton, 
sp. gravity 0°916. 

3. Elain of the ox—colourless, almost without smell, sp. 
gravity 0:913. | 

4. Elain of the hog—colourless, almost without smell, sp. 
gravity O°915. 

5. Elain of the jaguar—lemon yellow, having an odour, sp. 
gravity 0°914. 
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6. Elain of the goose—slightly yellow, almost without smell, subaiv. vr. 
Sp. gravity 0°929. ea 

The solubility of these different varieties of elain in alcohol Solubility 
of the sp. gravity 0°7952 was as follows: oo, 

1. Elain of man—100 parts dissolved in 81-08 parts of 
boiling alcohol, the solution began to become opaque at 170°. 

2. Elain of the sheep—100 parts were dissolved by 81°17 of 
alcohol at the temperature of 167°, the liquor became muddy 
at 145°. 

3. Elain of the ox—100 parts were dissolved by 81:03 of 
alcohol at the temperature of 167°, the liquid became muddy 
at 145°. 

4. Elain of the hog—100 parts were dissolved by 81:08 of 
alcohol at the temperature of 167°, the liquid became muddy 
at 143°. 

5. Elain of the jaguwar—100 parts were dissolved by 80°89 
of alcohol at the temperature 167°, the liquid became muddy 
at 140°. 

6. Elain of the goose—100 parts were dissolved by 81°08 of 
alcohol of the temperature 167°, the liquid became muddy 
when cooled down to 124°. 

When these different varieties of elain were digested for a 
sufficient time with potash lye, by far the greatest part was 
converted into soap. But the soluble portion, consisting 
chiefly of the sweet principle of oils, was rather greater than 
the quantity formed when stedrin was saponified in the same 
way. The following table exhibits the proportions of elain 
saponified and converted into sweet principle, when the expe- 
riment was made with the different varieties above specified. 

1. Elain from the sheep, hog, jaguar, and goose. 


STL Spl! Sim Mae »». 89 hee sg 
POS oi enue” wt a iS Dae 11 ia 
100 
2. Elain of the ox. 
Beppe |i s525 4 dk wullyoul.ysay 92°6 
ONIN. Os Bi Ubiooar .etieut dl. .: 7°4 
100°0* 


* Chevreul, Ann. de Chim, et Phys. ii. 366. 
VOL. I. 2c 
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To give the reader an idea of the proportion of stedirin and 
elain in different varieties of fixed oil, animal and vegetable, 
I shall insert the following table exhibiting the proportions of 
each, which Braconnot* obtained by his experiments : 


RtDATIM 233.0 os ss ae cise 2 
Banton fos aivic jon py eg 4 A 


PStCATIN 344 ss eveee Be OO 
Hogslard «045-99 pam. coy. eose .. 62 


Stearn 76.) 6.4% eee ees 76 
Beef marrow ... Blanes Ovi eon Ay nee 


Winton wartow nae y SE Soke Sa si 


Stent Gil'< «uals oes sein OS?2 
CROOE TAD 9s oie + 90 lacey a cet retaenediee 


Se AND Na Ye io-ie sais Sais oe to i= EO 
Duck fat ...... Pal Gteis.ce amstion ce Roeede 


Stearin eeeooeeeee8eeoeseevegsws es 26 
SR AAIINVA ciate’ ace, « Rrete-w tetnage 74: 
SECA cic. ofc 6 une wide Sere 


Turkey fat .... 


Olive ot 6564-5) Bain... csc. c eee ee Rig 
: SUGAP <s 66. 500. sees wisuesae 
Almond oil 5.4.4 Figin |. 02 6 
Steartil <. .: « anger oe . 46 


Oil of colsa «+ ++) Blain. ...ccecereeeees Sf 


SECT. IV. 
OF SPERMACETI. 


Tus peculiar oily substance is found in the cranium of the 


_ physeter macrocephalus, or spermaceti whale. It is obtained 


Properties. 


also from some other species. At first it is mixed with some 
liquid oil, which is separated by means of a woollen bag. ‘The 
last portions are removed by an alkaline ley, and the sperma- 
ceti is afterwards purified by fusion. ‘Thus obtained it is a 
beautiful white substance, usually in small scales, very brittle, 
has scarcely any taste, and but little smell. It is distinguished 
frommostother fatty bodies by thecrystalline appearancewhich 
it always assumes. It melts, according to the experiments of | 
Bostock, at the temperature of 112°.+ When sufficiently 
heated it may be distilled over without much alteration 5 but 


* Ann. de Chim. xciil. 225. + Nicholson’s Jour. iv. 134. 
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when distilled repeatedly it loses its solid form and becomes. Subaiv. vt. 


Chap. IV. 


liquid oil.* From the experiments of Thouvenel and Crell, C2) 
we learn that by repeated distillation it is partly decomposed, 
and a brown acid liquid obtained. It is soluble in boiling al- 
cohol, but separates again as the solution cools. One hundred 
parts of alcohol, of the specific gravity 0°816, dissolve 6-9 parts 
of it.+ Ether dissolves it cold, and very rapidly when hot: 
on cooling the whole concretes into a solid mass.t It dis- 
solves also in hot oil of turpentine, but precipitates again as 
the liquid cools.§ 

The acids have scarcely any action on it; but it unites 
though slowly with the pure alkalies, as was shown long ago 
by Crell, and the fact has been confirmed by Dr. Bostock and 
M. Chevreul. With hot ammonia it forms an emulsion 
which is not decomposed by cooling nor by water; but the 
spermaceti is immediately thrown down by the addition of an 
acid.|| It dissolves sulphur, and is dissolved by the fixed oils. 
When long exposed to the air it becomes yellow and rancid. 
This substance is employed like wax and tallow for making 
candles.. It is said also, that if bits of caoutchouc be thrown 
into it while melted, they are dissolved, and form a compound 
which answers remarkably well for luting vessels.** 

The soap of spermaceti, according to Chevreul, is compo- 
sed of 

Saponified spermaceti .........+. 100 
POM 2533. hdd ss boukaes vay 28'ES 


The potash does not seem capable of combining in different 
proportions with the spermaceti. Water has the property of 
depriving this soap of the greatest part of the alkali. By sa- 
ponification the properties of the spermaceti are altered. 
It acquires acid qualities, but still continues to melt at the 
same temperature as before. Its solubility in alcohol is greatly 
increased by saponification.t++ 


SECT. V. 
OF MARGARIC ACID. 


Tue first account of this substance was published by Chev- Prepara- 


tion. 


* Neumann. + Chevreul, Ann, de Chim. lv. 11. 
} Bostock, Ibid. § Id. Ibid. 
|| Id. Ibid. ** Nicholson’s 4to. Jour. i. 472. 


tt Chevreul, Ann. de Chim. xcy, p. 15. 
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reul in 1813. He obtained it by forming a soap by means of 
hogslard and potash. When this soap was put into water, a 
portion of it dissolved, and another portion was deposited under 
the form of small pearl-coloured scales. These scales were 
composed of potash and margaric acid. They were well 
washed in water, and then decomposed by digestion in diluted 
muriatic acid. The potash combined with this acid, and set 
the margaric acid at liberty, which floated on the surface of 
the liquid. Being sufficiently washed with water it is ina state 
of purity. Mr. Chevreul gave this substance, at first, the 
name of margarine, from its lustre being similar to that of 
mother of pearl.* He afterwards changed it to margaretic 
acid, in consequence of the decidedly acid properties which it 
possesses. Margaric acid, thus prepared, possesses the fol- 
lowing properties : 

Its colour is pearl white. It is tasteless and has a weak 
smell, somewhat similar to that of white wax. It is lighter 
than water. It melts when heated to the temperature of 134° 
into a colourless and limpid liquid which, on cooling, crystal- 
lizes into brilliant needles of the finest white colour. 

It is insoluble in water, but very soluble in alcohol, 100 
parts of alcohol of the specific gravity 0°816 dissolved (at the 
temperature of 167°,) 180°79 parts of margaric acid. ‘This 
solution became muddy when cooled down to 106°. When 
quite cold it became a solid mass, having the shape of the ves- 
sel in which it was contained. When the alcohol solution is 
allowed to crystallize slowly by not being saturated, the mar- 
garic acid is deposited in needles united together in the form 
of stars. 

Margaric acid acts with considerable energy upon vegetable 
blues, reddening litmus almost immediately. It combines 
readily with potash in two proportions forming a neutral salt 
or soap which is insoluble in water. The composition of these 
soaps, according to the analysis of Chevreul, is as follows : 


Submargarate of potash. 


Margaric acid 0.0.5.0 2% 202396 100 

POtAS ss ochidnis bac RAE oO 8 8°80 
Margarate of potash. 

Margaric acid -..... PEEK ase ito atone 100 

Poteet, WR he eee eee tes LaF 


* From pepyapdns, a pearl. Ann. de Chim. Ixxxviii. 231. 
+ Ann. de Chim. et Phys. 1. 346. 
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If we suppose the first of these compounds to consist of 100 subatv. vr. 


parts of margaric acid united with 9 potash, it will follow that 
the equivalent number for margaric acid is 33°3.* _ 

Margaric acid is capable, likewise, of combining with the 
other salifiable bases, and forming a great variety of salts, or 
soaps as it would be better to term them. The following table 
exhibits the composition of these soaps as they have been de- 
termined by the experiments of Chevreul. 


Margarate of soda. 
DUAOORIC BIG a. TOO Ge an sat 31°44: 
ee te i, VMN a us ct) ns 4. 


Margarate of barytes. 
Manganie: atidsiniaces 100: 3) Sut. 8887 
Darytestang eli .ais SEBS OS 6h WE. 976 


Margarate of strontian. : 
Margaric acid .... 100 weber One 
SHETOUPIAML ss sec se PODS secs cy OD 


Margarate of lime. 
Margaric acid .... 100 poe Meee el 
19 sesh tet del DG) natianin eS°OtS 


Margarate of lead. 
edeearie nti Mes BOO ee: 16°63 
Protoxide of lead .. 83°78 ..... . 14 


The mean of all these numbers gives 32°86 for the weight 
of an atom of margaric acid. We may therefore consider $3 
as approaching very nearly to the true weight.+ 

When margaric acid is distilled it comes over partly unde- 
composed, and partly in the state of a yellow concrete buty- 
raceous looking substance, possessing different properties from 
the acid and not capable of combining with potash. Very 
little gas is formed and very little charcoal remains in the 
retort.{ 

It is not improbable that margaric acid is formed from 
stearin, though this has not been proved in a satisfactory 
manner. Stearin yields much more margaric acid than elain. 
Chevreul has examined margaric acid from the tallow of man, 
the sheep, the ox, the jaguar, and the goose, and found its 
properties nearly the same as those of margaric acid from 


* Chevreul, Ann. de Chim. lxxxviii. 231. + Ibid. xciv. 253. 
{ Ann. de Chim. Ixxxviii, 231. 
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hogslard. ‘The most striking difference was in the fusibility, 


~ which amounted to 9 degrees.* 
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SECT. VI. 
OF OLEIC ACID. 


Tus substance was first obtained by Chevreul from a soap 
made by digesting hogslard in potash lye. When this soap 
was put into water a portion was deposited in pearl-coloured 
scales, it was a margarate of potash. Another portion dis- 
solved in the water. ‘This portion was a combination of oleic 
acid and potash. But it still contained a notable portion of 
margarate of potash. To separate this portion as completely 
as possible, the soap dissolved in the water was decomposed 
by means of tartaric acid. The oleic acid separated was 
again converted into soap by means of potash, and this soap 
again dissolved in water. An additional portion of marga- 
rate of potash precipitated. By repeating this process two or 
three times, the oleic acid was obtained in a state of tolerable 
purity. Its properties are as follows: 

It is an oily fluid when pure, destitute of smell and colour. 
But most commonly it has a rancid odour, and a yellow or 
brown colour, so as to have the appearance of some kinds of 
olive oil. Its specific gravity is 0°899. Sometimes it remains 
liquid till it be cooled down to 35°; but some varieties of it 
congeal at 43°, or even at higher temperatures. When con- 
gealed it crystallizes in needles. It reddens litmus with great 
energy. 

It is insoluble in water, but very soluble in alcohol. Boil- 
ing alcohol of the specific gravity 0°816 dissolves any quantity 
of it whatever. It combines readily with the salifiable bases 
and forms different species of salt or soap, as the compound 
ought to be called.t The following table exhibits the com- 
position of these different soaps as it has been determined by 
the experiments of Chevreul.f 


Oleate of potash. 
Need) he's bre'e> M00.) ode one SSTLB 
Pete hoe gue bis nil B988: wa hte olga 


* Ann. de Chim. et Phys. il. 357. 
+ Chevreul, Ann. de Chim. xciv. 90. t{ Ann. de Chim. xciv. 263. 
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Oleate of soda. 
Olete: aetdy dy ss! Jos 100 sober grins OO 
Soddars ein said. oc 1Ombl: . hitite  S 
Oleate of barytes. 
Olsieiacidt suaswow MOOK ar ws oases 36°15 
Barytes ...+++eees B69 7s oe Pai 9°75 
Oleate of strontian. 
Olete'aciad’ oe. Joe 200 et ee 33°53 


Sevontial sc osu RTOS 2 Lo sete Ord 
Oleate of lime. 

Oleic acid ..... a E06 JURY SSS 

VEO oe wae eee eas 9°64 .eeeee 4°625 
Oleate of magnesia. 

Gicacda ce Re Ae aS 24 

Magnesia ......++ 7°52 esses 25 
Oleate of zinc. 

Oleic. acid’... +s «.<+ 100 ae e oe po 

Oxide Of zinc .....  ¥4°83..,....  S°EZS 


Oleate of lead. 
@leic acid’... 23°:100 Re bce ic) 
Protoxide of lead .. 114°81 ....+. 14 
Oleate of copper. 


Qeig acidic. SesoS. LOO) hen tee EES 
Peroxide of copper. 13°93 ...... 10 


The average of the whole of these analyses gives us 35°94 
as the equivalent number for oleic acid. "We may, therefore, 
without any material error, consider its true weight as amount- 
ing to 36. So that it probably contains four more atoms of 
carbon in its composition than margaretic acid. 

Chevreul examined oleic acid obtained by saponification 
from the tallow of man, the sheep, the ox, the goose, and 
found its properties the same nearly as that of oleic acid from 
hogslard. The soaps which all Ahese varieties of oleic acid 
formed may be considered as identic in their composition.* 


SECT. VII. 


OF CETIC ACID. 


CueEvreEvL has given this name to the matter formed by 
saponifying spermaceti, a substance which he has thought 


* Ann. de Chim, et Phys. il. 353. 
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proper to distinguish by the term cetin. Cetic acid is ob- 
tained when spermaceti saponified, by means of potash, is de- 
composed by an acid. It may be distinguished by the follow- 
ing properties: 

It is a white solid substance destitute of taste and smell. It 
melts when heated to the temperature of about 113°, agreeing, 
in this respect, with the spermaceti from which it is formed. 
When melted cetic acid is allowed to congeal, it does not 
crystallize in plates like spermaceti. 

Cetic acid is insoluble in water. Boiling alcohol dissolves 
more than its weight of it. As the solution cools, brilliant 
lamellar crystals are deposited, and at last the whole liquid 
assumes a solid form. This solution reddens litmus, though 
it acts with less energy than margaric acid. The great solu- 
bility of this substance in alcohol, and its action on vegetable 
blues, distinguish it from spermaceti. 

It combines readily with the salifiable bases and forms dif- 
ferent species of salts or soaps. ‘The soap or cetate of potash, 
according to the analysis of Chevreul, is composed of 


Getic acid 33%. .@6: BOO! Bae 72°13 
vy Potash 26 chs Ne f BOO bs cb 6 


_ According to this analysis the weight of an atom of cetic 
acid is double that of an atom of oleic acid. It is more proba- 
ble, however, that the soap examined was a bicetate of potash. 
On that supposition the weight of oleic and cetic acids would 
be the same.* 


a 


Besides the volatile and fixed oils, there is another set which 
exist pretty frequently in the vegetable kingdom. Their che- 
mical properties are intermediate between the fixed and the 
volatile oils. Like the volatile oils they dissolve in alcohol ; 
but like the fixed they cannot be distilled over with that liquid. 
Hence they may be obtained by digesting the vegetable sub- 
stance that contains them in alcohol, and then separating the 
alcohol from the oil by distillation. ‘They have all a strong 
acrid taste, and most of them possess poisonous qualities. 
The alcoholic solution of some of them has the property of 
precipitating sulphate of iron of a reddish colour, which be- 


* Chevreul, Ann. de Chim. xcv. p. 17. 
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comes green when mixed with an alkaline solution. Vauque- subaiv. v1, 
lin detected an oil of this nature in the root of the helleborus ©” ': 
hyemalis.* A similar oil appears to exist in tobacco and in 

many other plants. 


CHAP. V. 
OF BITUMENS. 


Tue term bitwmen has often been applied by chemists to all 
the inflammable substances that occur in the earth; but this 
use of the word is now so far limited, that su/phur and mellite 
are most commonly excluded. It would be proper to exclude 
amber likewise, and to apply the term to those fossil bodies 
only which have a certain resemblance to oily and resinous 
substances. In this restricted sense the word is used in the 
present chapter. 

Bituminous substances may be subdivided into two classes : pivisten. 
namely, bituminous oils, and bitumens, properly so called. 
The first set possess nearly the properties of volatile oils, and 
ought in strict propriety to be classed with these bodies; but 
as the chemical properties of bitumens have not yet been in- 
vestigated with much precision, it was deemed rather prema- 
_ ture to separate them from each other. The second set pos- 
sess properties peculiar to themselves. Let us endeavour to 
describe the substances belonging to these two classes as far 
as possible. 


é 


SECT, I. 
OF BITUMINOUS OILS. 


Onzy two species of bituminous oils have been hitherto 
examined by chemists. Others indeed have been mentioned, 
but their ,existence has not been sufficiently authenticated. 
These two species are called petroleum, and maltha, or sea- 
wax ; the first is liquid, the second solid. 
1, Petroleum-is an oil of a brownish yellow colour. When Petroleum. 


* Ann. de Mus. d’Hist. Nat. No. xliii. 82. 
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Book. pure, it is fluid as water, and very volatile.* Its specific 
Ovsion 5, gravity varies from 0°730 to 0°878.+ It has a peculiar smell. 


WNaptha. 


When heated, it may be distilled over without alteration. 

Petroleum is found in the earth in various states of purity ; 
sometimes without any mixture of foreign substances. In this 
state it is usually distinguished by the name of naphtha, and 
is said to occur in great abundance on the shores of the Cas- 
pian and in Persia. It occurs also in different parts of 
Europe, especially Italy and Germany. When less fluid and 
darker coloured, it is commonly called petroleum. It is sup- 
posed to owe this increased spissitude and deepened colour to 
the action of the air. When distilled, it yields a quantity of 
pure petroleum, while a portion of bitumen of the consistence 
of tar or pitch remains behind. When long exposed to the 
air, petroleum becomes black, and acquires the semifluidity of 
tar. In this state the greatest part of it is insoluble in alcohol; 
so that it has assumed the state of true bitumen. 

Petroleum is used in those countries, where it abounds, as 
an oil for lamps. It is employed also as a solvent of resinous 
bodies, and of the proper bitumens, which it dissolves with 
facility. ? 

When petroleum is distilled at a low heat, the liquid which 
comes first over is distinguished by the name of naphtha. It 
is colourless, perfectly fluid; is very volatile, and has a pecu- 
liar smell. Coal tar, or the oily matter which comes over 
when coal is distilled at a red heat, yields, when repeatedly 
rectified, the very same kind of liquid. Naphtha is observed 
also in different places rising spontaneously from the earth 
nearly in a state of purity. As, for example, in different 
parts of Persia, at Amiano in Italy, and in many other places. 
This natural production of naphtha is observed in many places | 
where no coal has been ever discovered. Yet I think it not. 
improbable, from the exact similarity between the properties. 
of natural naphtha and coal naphtha, that they have in reality | 
the same origin. 


The specific gravity of naphtha varies considerably, proba- | 


* The volatility seems to have been over-rated by older chemical writers. | 
On mixing well rectified petroleum with water in a retort, I found that the} 
water could be readily distilled over in a moderate heat, while the whole} 
petroleum remained behind. | 

+ See Kirwan’s Mineralogy, 11. 42. 
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bly according to its state of purity. The following are the ain 


specific gravities which I have myself ascertained. 


1 Persian naphtha, not rectified .. 0°753 

2 Coal naphtha, perfectly colourless 0°817* 
3 Coal naphtha, slightly yellow .. 0.850+ 
4 Natural naphtha of Amiano .. 0°836t¢ 
Deine. thrice rectined ....,. 4.5 O°'758T. 


Naphtha is very volatile: a drop of it let fall on paper dis- 
appears in a few minutes, Yet its boiling point is rather 
higher than that of oil of turpentine. I found that Persian 
naphtha began to boil in glass at the temperature of 320°. 
As the boiling continues the temperature rises. I raised the 
temperature of Persian naphtha in a silver cup as high as 
B52". 

At the temperature of 72°5° the vapour of naphtha is capa- 
ble of supporting a column of mercury 1°78 inch in height. 
M. T. de Saussure determined its specific gravity by weighing 
a mixture of vapour of naphtha and common air. He ob- 
tained 2°833 as the specific gravity. I tried the specific 
gravity of the vapour of Persian naphtha at the temperature 
of 55° by the same method, and found it 2°263. Saussure’s 
experiment was made at the temperature of 72°5°. Probably, 
therefore, the specific gravity of this vapour increases at a 
great rate with the temperature. When the vapour of naphtha 
is mixed with common air, it is not easily removed again. It 
may be passed, without alteration, through water. Alcohol 
would no doubt absorb it, and a considerable proportion of it 
would be condensed by the freezing temperature. 

Naphtha burns with a strong yellow flame, and a consider- 
able smoke. 

It is insoluble in water; though it communicates its peculiar 
smell to that liquid. Alcohol dissolves about ith of its 
weight of it. Sulphuric ether, petroleum, fat oils, pitch, 
volatile oil, combine with naphtha in every proportion. It 
dissolves wax by the assistance of heat, and allows a portion 
of it to fall down again as it cools. Caoutchouc swells in 
naphtha to more than 30 times its bulk, and becomes gela- 
tinous and transparent; but scarcely dissolves. However by 


* It had been manufactured in Edinburgh. 
+ It had been manufactured in Glasgow. 
$ Determined by Sau8sure, Annals of Philosophy, x. 119. 
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this means it is easy to mould caoutchouc into tubes of con- 
siderable service to the chemist.* 

Naphtha dissolves a little sulphur and phosphorus when 
assisted by heat, and lets them fall again in the state of crys- 
tals. Neither the fixed alkalies nor the strong mineral acids 
have any marked action on naphtha. It is known that an- 
hydrous potash combines with it and forms a brown soap; 
but the hydrous alkalies do not unite with it. It absorbs 
about 21 times its volume of ammoniacal gas. 

When naphtha is passed through a red hot porcelain tube, 
it is converted into charcoal, a brown empyreumatic oil, 
which, when sublimed at the temperature of 95°, vields a por- 
tion of colourless crystals in rhomboidal plates, having a lustre 
similar to that of spermaceti,t and a quantity of carburetted 
hydrogen gas. Theodore de Saussure attempted to analyze 
naphtha by detonating a mixture of the vapour of naphtha 
and oxygen gas. The result of his experiments was, that 
1 volume of vapour of naphtha requires for complete com- 
bustion 14 volumes of oxygen gas, and that after the com- 
bustion there remain 8°2 volumes of carbonic acid gas. Of 
consequence 5°8 volumes of the oxygen must have gone to 
the formation of water, so that the hydrogen in 1 volume of 
vapour of naphtha, if in a separate state, would amount to 
11°6 volumes. ‘This would make naphtha a compound of 


8 atoms carbon’ ...... = 6°0 
12 atoms hydrogen .... = 1°5 
7°5 


He himself however concludes from his analysis that naph- 
tha is a compound of 
6 volumes vapour of carbon 
5 volumes hydrogen gas 
or which is the same thing of 


} condensed into 1 volume, 


6 atoms carbon ........ 45 
5 atoms hydrogen ...... 0°625 
5126 
with about 1 per cent. of azote. 


* See Mr. Syme’s paper, Annals of Philosophy, xii. 112. 

+ This I consider as the same with the substance first noticed by Mr. 
Garden (Annals of Philosophy, xv. 74). I have analyzed it, and found it 
a compound of 2 atoms carbon + 1 atom hydrogen. 

{ Annals ef Philosophy, x. 118. 
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TI subjected naphtha from Persia to analysis by heating it Subaiv. vr. 
in a copper tube along with peroxide of copper. 1 grain of Saas 
naphtha by this treatment yielded 6°5 cubic inches of carbonic Compos 
acid, and 1°35 grain of water. Now the hydrogen in 1°35 gr. 
of water is equivalent to 7 cubic inches, and the carbon in 6°5 
cubic inches of carbonic acid is equivalent to 6°5 cubic inches. 


Hence naphtha is composed of 


6°5 volumes of carbon, or 13 volumes 
7 volumes of hydrogen 14 volumes 


Substituting atoms for volumes we have naphtha composed of 


13 atoms carbon ...... = 9°75 
14 atoms hydrogen .... = 1°75 
11°50 

Grains. 


61 cubic inches of carbon weigh .. 0°822 
7 cubic inches of hydrogen weigh 0°148 


0°970 
So that in this analysis there is a deficiency of three per cent. 
which I am disposed to ascribe to the presence of azote as a 
constituent of naphtha in that proportion.* 

2. Sea-wax, or maltha, is a solid substance found on the Sea-wax. 
Baikal lake in Siberia. It is white, melts when heated, and on 
cooling assumes the consistence of white cerate. It dissolves 
readily in alcohol, and in other respects appears to possess the 
characters of a solid volatile oil. Its properties, however, 
have been but imperfectly examined. Klaproth found that a 
similar substance was obtained by distilling a species of wood 
coal, called earth coal by the Germans.+ 

The substance described by Kirwan under the name of mane- Mineral 
ral tallow, and said to have been found on the coast of Finland, “"°”’ 
in the Swedish lakes, and in a fountain near Strasburgh, seems 
to approach very nearly to sea-wax. Its specific gravity is 
0-770. It is white, brittle, stains paper like oil, melts when 
heated, and burns with a blue flame and much smoke; dis- 
solves imperfectly in hot alcohol, but readily in olive oil. { 


* Annals of Philosophy, xv. 307. + Beitrage, i. 325. 
t Kirwan’s Mineralogy, i. 47. 
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Tue true bituminous substances may be distinguished by 
the following properties: 

1. They are either solid or of the consistence of tar. 

2. ‘Their colour is usually brown or black. 

3. They have a peculiar smell, or at least acquire it when 
rubbed. ‘This smell is known by the name of the bitwminous 
odour. 

4. They become electric by friction, though not insu- 
Jated.* . 

5. They melt when heated, and burn with a strong smell, 
a bright flame, and much smoke. 

6. They are insoluble in water and alcohol, but dissolve 
most commonly in ether, and in the fixed and volatile oils. 

7. They do not dissolve in alkaline leys, nor form soap. 

8. Acids have little action on them; the sulphuric scarcely 
any: the nitric, by long and repeated digestion, dissolves 
them, and converts them into a yellow substance, soluble both 
in water and alcohol, and similar to the product formed by 
the action of nitric acid on resins.+ 

The bitumens at present known may be reduced to three; 
namely, asphaltum, mineral tar, and mineral caoutchouc. Bi- 
tumen has been found also united to a resinous compound, in 
a curious substance first accurately examined by Mr. Hatchett, 
to which he has given the name of retinasphaltum. United to 
charcoal in various proportions, it constitutes the numerous 
varieties of pit-coal, so much employed in this country as fuel. 

1. Asphaltum. ‘This substance occurs in great abundance 
in different countries, especially in the island of ‘Trinidad, on 
the shores of the Dead Sea, and in Albania, where it is found 
in vast strata. It is supposed that it was first liquid, and that 
it acquired solidity by exposure to the air. 

Its colour is black, with a shade of brown, red, or grey. 
Its specific gravity varies. ‘That of Albania, as ascertained by 
Klaproth, was 1°205;{ but it was somewhat contaminated 
with earth. Kirwan, in purer specimens, found the specific 
gravity to vary from 1:07 to 1:165.§ Klaproth has pub- 
lished an analysis of the asphaltum of Albania. 

* Haity. + Hatchett. } Beitrage, i1. 315. 
§ Mineralogy, i. 46. 
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He found it insoluble both in acids and alkalies, as also in subaiv. vr. 

water and alcohol; but soluble in oils, petroleum, and sul- ©"? :, 
phuric ether. Five parts of rectified petroleum dissolved Properties 
1 part of asphaltum without the assistance of heat, and formed 
a blackish brown solution, which by gentle evaporation left 
the asphaltum in the state of a black brown shining varnish. 
The solution in ether was of a pale brown red colour; and 
when evaporated, the asphaltum remained in the state of a 
semi-fluid substance of a reddish colour, still insoluble in 
alcohol. 

A hundred grains of this asphaltum being distilled in a re- Action of 
tort, by a heat gradually raised to redness, yielded the follow- "“* 
ing products: 

Grains. 
36 cubic inches (German) of heavy inflammable air 16 
A light brown fluid oil ........ RAD USER RES 5 
Water slightly tainted with ammonia .......... 6 
CCAD Ap gale eae 44 Gda sie Os 0 6a sie aes Fo oapou 
Me tes caine. dc fagh, sien 6 8 PP lea dt © si Bias spit LO 


100 


These ashes consisted chiefly of silica and alumina, with some 
iron, lime, and manganese.* 

The asphaltum found in Albania is supposed to have con- Use. 
stituted the chief ingredient of the Greek fire. ‘The Egyptians 
are said to have employed this bitumen in embalming. It was 
called mumia mineralis.+ The ancients inform us that it was 
used instead of mortar in building the walls of Babylon. 

2. Asphaltum is seldom absolutely pure; for when alcohol 
is digested on it, the colour of the liquid becomes yellow, and 
by gentle evaporation a portion of petroleum is separated. { 
Mineral tar seems to be nothing else than asphaltum contain- 
ing a still greater proportion of petroleum. When alcohol Minerat tar. 
is digested on it, a considerable quantity of that oil is taken 
up; but there remains a black fluid substance like melted 
pitch, not acted upon by alcohol, and which therefore appears 
to possess the properties of asphaltum, with the exception of 


* Klaproth’s Beitrage, 111. 316. + Watson’s Chem. Essays, iil. 4. 
+ Hatchett’s Observations on the Change of some of the Principles of 
Vegetables into Bitumen. Phil. Trans, 1804. 
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not being solid.* By exposure to the air, it is said to assume 
gradually the state of asphaltum. 

3. Mineral caoutchouc is a singular substance, hitherto 
found only in Derbyshire. It is soft and very elastic, not un- 
like common caoutchouc, or Indian rubber, and, like that sub- 
stance, it may be employed to efface pencil marks from paper; 
but it soils the paper a little. Its colour is dark-brown, some- 
times with a shade of green, at other times of red. The first 
account of it was published by Dr. Lister in the Philosophical 
‘Transactions for 1673.4 It occurred in an old forsaken mine 
in Derbyshire. He calls it a subterraneous fungus, and is 
uncertain whether it belongs to the vegetable or mineral king- 
doms; but rather inclines to the former opinion, and hints 
that it may have grown out of the old birch props used in the 
mine. It was first accurately described by Mr. Hatchett. 
Delametherie first examined its properties ; and an analysis 
of it has been published by Mr. Klaproth. 

According to Klaproth, it resists the action of almost all 
liquid menstrua; neither alcohol, alkalies, nor nitric acid af- 
fecting it. Even oils were not found by him to dissolve it, 
though Delametherie assures us that he obtained a solution of 
it in olive oil.{ Petroleum succeeded best with Klaproth, as- 
suming a bright yellow colour, while the caoutchouc was ren- 
dered transparent.§ When heated it melts, takes fire, and 
burns with a bright flame and a bituminous smell. The melt- 
ed mass still continues adhesive, and may be drawn out into 
threads. It is now soluble in oils. || - 

One hundred grains of this substance being distilled in a 
retort gradually raised to a red heat, yielded the following 
products: 


* Chemists and mineralogists have united mineral tar to petroleum as 
a variety. If it be true that pure petroleum is insoluble in-alcohol, that 
arrangement is right; but I suspect a mistake. I had no opportunity of 
trying naphtha; but the purest petroleum I have been able to procure 
readily yields to alcohol, unless it has been lett exposed to the air. 

+ Vol. viii. p. 6179. 

{ Jour. de Phys. xxxi. 312. 

§ Beitrage, ui. 109. 

|| Klaproth, ibid. 
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: 4 " Grains. Be VI. 
38 cubic inches (German) of heavy inflammable Chap. V. 
FY saapeaed PRE EAL an hil sos Le Pe hewss f197 as 
4 inches (German) of carbonic acid PASS Val gles 

A brown thin bituminous oil............066. 73°0 

Water slob actdmlous 9Y3 6.04 Uae dawes oe ES 
CaveGdre.<O MOT Ge: 1') fot aid eiott tae BiGee 

a we NU loka Ok Soak ok Bie 


100°00 

The ashes consisted of lime and silica, with some iron, sul- 
phate of lime, and alumina.* 

Mr. Hatchett supposes the elasticity of this substance to be 
owing to a quantity of air confined between its pores. 

4, The retinasphaltum of Mr. Hatchett is a substance hither- Retina- 
to found only accompanying Bovey coal, in Devonshire.+ It ne 
was first mentioned by Dr. Milles; but we are indebted to 
Mr. Hatchett for every thing known respecting its chemical 
properties. 

This substance has a pale brown ochre yellow colour. It 
is very brittle, and breaks with a vitreous fracture. Its specific 
gravity is 1°135. When held in the hand for some time, it 
emits a slightly resinous smell. When heated it melts, smokes, 
burns with a bright flame, and emits a fragrant odour, at last 
tainted with a bituminous smell. The melted mass, when cold, 
is black and brittle, and breaks with a glassy fracture. 

Water does not act upon it; but it is partially dissolved by 
alcohol, potash, and nitric acid; the dissolved portion having 
the properties of a resin; the undissolved, of asphaltum. Mr. 
Hatchett analyzed it, and found it composed of ¢ 


55 resin 
41 asphaltum 
3 earths 
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5. Pit-coal, one of the most useful of all the mineral pro- Pit-coat of 
ductions, has been divided by mineralogists into various species, ‘*? “"*s 


* Klaproth, Beitrage, iii. p. 110. 

Tt Unless the substance found near Halle, and analyzed by Bucholz, be 
similar. See Schweigger’s Journad, i. 290. 

{ Hatchett, on the Change of some of the Principles of Vegetables to 
Bitumen. Phil. Trans, 1804. 
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according to its external appearances, and the nature of the 
strata in which it is found; but in a chemical point of view, 
its most important varieties may be distinguished into two 
sets: 1. Those that still contain several vegetable principles, 
strictly so called, and thus give evident marks of their origin. 
To this head belong most of the varieties of coal arranged by 
Werner, under the head of brown coal. Mr. Hatchett has 
shown, that in some of the substances belonging to this class 
there is to be found a portion of vegetable extract; in others, 
as in Bovey coal, a portion of resin; besides the charcoal and 
bitumen, which constitute the greatest part of its constituents. 
From another species of brown coal Klaproth obtained, by 
means of alcohol, a brown red tincture, which left behind it, 
on evaporation, a reddish bitter extract, partially soluble in 
water.* 2 Those kinds of coal that contain no traces of un- 
altered vegetable principles, but are composed of various pro- 
portions of bitumen and charcoal, contaminated like the 
former with earthy matter. To this head belong the varieties 
of coal arranged by Werner under the name of black coal, 
which abound so much in Britain. 

The different species of black coal which occur in Great 
Britain and Ireland, so far as I have had an opportunity of 
examining them, are five. They have been distinguished by 
the following names : | 


1 Kilkenny coal. 
2 Caking coal. 
3 Splint coal. 

4 Cherry coal. 
5 Cannel coal. 


1. Kilkenny coal, so called because found at Kilkenny in 
Ireland, belongs to the Glance coal of Werner. It has a 
semimetallic lustre; does not soil the fingers. Its specific 
eravity is 1°4354. It consumes without flame, and, when 
completely burnt, leaves 4 per cent. of light-brown ashes, con- 
sisting chiefly of silica and iron. 

2. Caking coal, is so called because when heated it fuses 
into a kind of bituminous matter, in consequence of which 
all the pieces of coal, however small, cohere together into a 
cake. It occurs abundantly in the neighbourhood of New- 


/ 


castle and Sunderland, in Fife, at Bannock-burn, and in the | 


Glasgow coal formation. 


* Beitrage, ii. 322. 
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Its colour is velvet black.—Lustre shining, resinous. —Prin- subaiv. vr. 


cipal fracture straight slaty ; cross fracture partly small grain- 
ed uneven, when the lustre is only glistening; partly small 
conchoidal when the lustre is shining.—Soft, and very easily 
frangible-—Fragments cubical—brittle—soils the fingers.— 
Specific gravity 1-269. It catches fire very easily, and burns 
with a lively yellow flame; but in consequence of its caking 
property, it must be frequently stirred to admit the access of 
air, otherwise it is extinguished. 


Chap. V. 


3. The splint coal occurs abundantly in the neighbourhood spint, 


of Glasgow, constituting the fifth of the six Glasgow beds. 
It is a well characterized species, and constitutes the most va- 
luable of the Glasgow coals, selling at a higher price than 
any of the other species. It is the only coal in the neigh- 
bourhood of Glasgow used for the manufacture of coke. 

Colour black, with a shade of brown—lustre between glim- 
mering and glistening; resinous—principal fracture imperfect 
curve slaty. Cross fracture fine grained uneven and splin- 
tery—not harder than caking or cherry coal, but much more 
difficulty frangible—fragments wedge-shaped—specific gravity 
1-290, It requires amuch higher temperature to kindle it than 
either caking or cherry cool. It burns with flame, and is much 
more durable than cherry coal. 

4. Cherry coal abounds in the neighbourhood of Glasgow 
and in Staffordshire, near Birmingham. 

Colour velvet black, with a slight shade of grey; lustre in 
some places splendent, in others, Shinin’® Where the lustre is 
shining, the coal has exactly the appearance of caking coal ; 
but it is easily distinguished from that species by not melting 
or softening when heated—kind of lustre resinous.— Principal 
fracture straight slaty: the different layers differ in their lus- 
tre, some being splendent, others shining. When the lustre 
is splendent, the surface is specular ; but when only shining, it 
is merely even—cross-fracture flat conchoidal, and specular 
splendent—equally hard with caking coal, and very easily fran- 
gible—fragments rectangular—very brittle—specific gravity 
1:265. When exposed to heat, it readily catches fire, and 


burns with a clear yellow flame, and giving out a great deal of 
heat. 


Cherry, 


5. Cannel coal is so called, because it burns like a candle canna, 


when lighted, and is often employed as a substitute for can- 
dles. It abounds at Wigan, is found near Coventry, in Air- 
shire, and in Lanarkshire. 

“Oy g 
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Colour dark greyish black; sometimes brownish black—lus- 
tre glistening, resinousadmits of a good polish, and is often 
cut into ornaments like jet. Fracture large and flat conchoi- 
dal. In the great it is frequently slaty—fragments sometimes 
cubic, sometimes wedge-shaped, sometimes amorphous.— 
About as hard as caking coal—brittle—does not soil the fin- 
gers—much more difficultly frangible than caking coal or 
cherry coal ; but more easily than splint coal.—Specific gra- 
vity 1°272. 

The following table exhibits the quantity of earthy matter 
usually found in 100 parts of each of these coals. 


1. Kilkenny coal........ 4 per cent. 
2.-Caking coal... .css0ses 1°S 

8, Splint coal 4 waves» OD 

A, Mherry Coal . sce s o'sis oh O 

5. Cannel Coaliss s:0-5\+0 0041 


The following table exhibits the quantity of coke which 1000 
parts of each of these species of coal forms. 


ight of | Wei 
Weight of| Weight of | Volatile || Vent of] Weight of 


1, ex- X= i 
Sei cts ie RM coal, ex coke, ex Volatile 
. cluding cluding matter. 
ployed. formed. sipated. ashes ashes 


Kilkenny coal.| 1000 | 867-0 | 133°0 || 1000 | 861°4 | 138°6 
Caking coal ..| 1000 | 774°0 | 226°0 |; 1000 | 770°6 | 229°4 
Splint coal. ../ 1000 | 647°3 | 352°7 | 1000 | 610°3 | 389°7 
Cherry coal ..| 1000 | 522°5 | 477°5 | 1000 469°4 | 530°6 
Cannel coal ..| 1000 | 400°0 | 600°0 | 1000 | 325°8 | 6742 


I determined the constituents of these different species by 
heating them in contact with peroxide of copper. ‘The follow- 
ing tables exhibit the results of these experiments.* 


I. CONSTITUENTS BY WEIGHT. 


Carbon. | Hydrogen.| Azote. Oxygen. | Total. 


Kilkenny coal. ........; 92°92 | 0°00 | 0°00] 7:08 | 100 
Caking Cc ae we eel 75°28 | 4°18 | 15°96 | 4°58 | 100 


Splint COAL Sosa) THO O20: O25 | T2507 100 
Cherry COAL c,d vise we wal 74°46: | 12°40 | 10°22 | -2:934 400 
Cannel coal ...-.2--»+| 64°72 | 21°56 | 13°72 | 0°00 | 100 


* Annals of Philosophy, xiv. 81. 
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II. CONSTITUENTS IN ATOMS. 


Total nume 


Carbon. |Hydrogen.| Azote. Oxygen. ber of 
atoms. 


Kilkenny coal ........ 35 ) 0 g 37 
Caking Coal ws. os ocns.0+|, B33 11 3 15 | 48°5 
RE CORE 6. ose eka. 6 os 28 14 1 BL | 46°5 
PMOTEY COU ci 36 me 48s -« 34: 34 2 1 71 
Mamie G0al. oss cicacct TI 22 1 0) 34 


DIVISION I. 
OF SECONDARY COMPOUNDS. 


By the term secondary compound is meant a body composed 
of two or more primary compounds united together. The se- 
condary compounds, as far as we are hitherto acquainted with 
them, consist chiefly of the salifiable bases united with certain 
oxides of compound combustibles, and with all the acids. I 
thought it better to give an account of the combinations of the 
salifiable bases with the acids of chlorine, iodine, fluorine, and 
cyanogen, while treating of these acids themselves in the last 
division. All the secondary compounds, therefore, which re- 
main to be described in this place may be arranged under the 
four following heads : 


1. Hydrates. 3. Hydrosulphurets. 
2. Salts. 4, Soaps. 


Each of the classes of bodies will occupy our attention in 
the four following chapters. 


CHAPS: 
OF HYDRATES, 


By hydrate is meant a chemical combination of a body with 
water. ‘The term was first employed by Proust, and applied 
by him to certain combinations of a metallic oxide and water, 
_ which he showed to possess properties very different from those 
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Book It. of the oxides in a pure state. Davy, D’Arcet, Berard, and 

re reg especially Dalton, afterwards determined the composition of a 

variety of hydrates. The composition of many saline hydrates 

Berzeline’ was afterwards determined with much precision by Berzelius, 

vat who endeavoured to generalize the subject. According to him, 

in all saline hydrates the quantity of oxygen in the water is 

always a multiple of the quantity of oxygen in the base of the 

salt. Thus green vitriol or protosulphate of iron in crystals, is 
composed of | 


Sulphuric acid.... 28°97 
Protoxide of iron.. 26°08 containing of oxygen 5°84 
WY alter e. age ssegh 46°00 containing of oxygen 40°89 


Now 5°84 x 7 = 40°88, which is just the quantity of oxy- 
gen in the water. This law pointed out by Berzelius holds 
pretty generally, though it is not of the importance which he 
has attached to it. It must always hold when the salifiable 
base is a protoxide. Thus, in the present case, protosulphate 
of iron is a compound of 


1 Atom sulphuric acid 
1 Atom protoxide of iron 
7 Atoms of water. 


The protoxide of iron contains 1 atom oxygen, and the 
water contains 7 atoms. Now it is obvious that 7 isa mul- 
tiple of 1. And whatever number of atoms of water had ex- 
isted in the ‘salt, still the oxygen in them would have been a 
multiple of the oxygen in the protoxide of irqn. If the sali- 
fiable base be a deutoxide, or tritoxide, the rule may hold in 
certain cases, but certainly not in all. 

As I have already, while treating of the different substances 
which have the property of combining with water, given an 
account of the different hydrates, as far as we are acquainted 
with them, I do not consider it as necessary to repeat the de- 
scription of them here. But I shall insert the following table, 
exhibiting the composition of the respective hydrates as far as 
the subject has been investigated. 


SALTS. 

Jide! Atoms |} Weight of | Weight of 

base. | water. base. 
Hydrate of potash .......+.---.. J 1 || 100 
Hydrate of soda......++++++-e. 1 1 || 100 
Hydrate of lime ......+. +++. eh gal 1 || 100 
Protohydrate of barytes.......... 1 1 | 100 
Pentehydrate of barytes......+-.., 1 5 | 100 
Eikostahydrate of barytes ...... ee RR a ig 088 
Hydrate of strontian .......-++-. fo te Ten) 
Dodecahydrate of strontian ...... 1 | 12 | 100 
Hydrate of magnesia .........-.. Pe POE. FOO 
Deutohydrate of alumina ........ Pang. 100 
Perhydrate of copper.........++ ssl ayia 1 | 100 
Hydrate of tin... cee ece se eees 1 2 | 100 
Hydrate of boracic acid.......... 1 i. us 200 
Hydrate of phosphorous acid ... CY aes Wage (0 
Protohydrate of sulphuric acid..... 1 | 1 | 100 
Deutohydrate-of sulphuricacid.... 1 | 2} 100 
Tritohydrate of sulphuric acid ....- 1 | 3 | 100 
Decahydrate of sulphuric acid ....| 1 | 0 | 100 
Protohydrate of nitric acid ...... bebe Leth 100 
Deutohydrate of nitric acid ...... 1 | 2 || 100 
Tritohydrate of nitric acid. ...... 1 | 3 | 100 
Tetrahydrate of nitric acid ......| 1 | 4 || 100 
Pentahydrate of nitric acid ...... 1 | 5 100 
Protohydrate of acetic acid ...... EpeNE BOO 
Deutohydrate of acetic acid ......) 1 | 2 | 100 
Tritohydrate of acetic acid ...... 1-| Sieh00 
Crystallized oxalic acid .......... 1 | 4 | 100 
Crystallized tartaric acid ........ bal | 1 | 100 
Crystallized citric. acid... 2%... Pods t 42 OO 
Octahydrate of muriatic acid...... ig! | 8 || 100 
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water. 


18°75 Table of 
93°10 hydrates. 


Tuer word salt was originally confined to common salt ; a Definition. 
substance which has been known and in common use from the 
remotest ages. It was afterwards generalized by chemists, and 
employed by them in a very extensive and not very definite 
sense. Every body which is.sapid, easily melted, soluble in 
water, and not combustible, has been called a salt. 
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Salts were considered by the older chemists as a class of bo- 


Di ij e e 2 5 j 
Cn Il’ dies intermediate between earths and water. Many disputes 


Number of 
Salts. 


arose about what bodies ought to be comprehended under this 
class, and what ought to be excluded from it. Acids and al- 
kalies were allowed by all to be salts; but the difficulty was to 
determine concerning earths and metals; for several of the 
earths possess all the properties which have been ascribed to 
salts, and the metals are capable of entering into combinations 
which possess saline properties. 

In process of time, however, the term salt was restricted to 

three classes of bodies; namely, acids, alkalies, and the com- 
pounds which acids form with alkalies, earths, and metallic 
oxides. The first two of these classes were called simple salts ; 
the salts belonging to the third class were called compound or 
neutral. ‘This last appellation originated from an opinion long 
entertained by chemists, that acids and alkalies, of which they 
are composed, were of a contrary nature, and that they coun- 
teracted one another ; so that the resulting compounds pos- 
sessed neither the properties of acids nor of alkalies, but pro- 
perties intermediate between the two. 
- Chemists have lately restricted the term sait still more, by 
tacitly excluding acids and alkalies from the class of salts alto- 
gether. At present, then, it denotes only the compounds 
formed by the combination of acids with alkalies, earths, and 
metallic oxides.* 

No part of chemistry has been cultivated with more zeal 
than the salts, especially for these last 40 years. During that 
time the number of saline bodies has been enormously increased, 
and the properties of a very great number have been deter- 
mined with precision. Still, however, this wide and important 
region is far from being completely explored. 

Chemists have agreed to denominate the salts from the acids 
which they contain: the earth, alkali, and metallic oxide, com- 
bined with that acid, is called the base of the salt. Thus com- 
mon salt being a compound of muriatic acid and soda, is called 
a muriate, and soda is called the base of common salt. Now 
since there are 52 acids and at least 30 bases, it would appear, 
at first sight, that there are 1560 salts. But there are several 
acids capable of combining with two bases at once. Thus the 
tartaric acid combines at once with potash and soda. Such 


* The terms salt and neutral salt are often confounded. In this Work the 
epithet neutral is confined to salts having no excess of acid or base. 
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combinations are called ériple salts, and they increase the num- Chap. 1. 
ber of salts considerably. There are some salts, too, which pyipiy salts. 
are capable of combining with an additional dose of their 

acid, and others which combine with an additional dose of 

their base. The French chemists denote the first of these com- 
binations by adding to the usual name of the salt the phrase 

with excess of acid, or by prefixing to it the word acidulous : 

they denote the second by subjoining the phrase with excess of 

base. ‘This method has the merit of being precise; but it is 
awkward and tedious. ‘The ingenious mode of naming these 
combinations proposed by Dr. Pearson is preferable. It is 
equally precise, and far more convenient in every respect. It supersaits 
consists in prefixing to the usual name of the salt the prepo- )0""" 
sition super, to denote an excess of acid, and the preposition 

sub to denote an excess of base.* Thus sulphate of potash 
denotes the salt in its state of perfect neutralization, without 

any excess either of the sulphuric acid or of the potash; su- 
persulphate of potash is the same salt with an excess of acid ; swb- 
sulphate of potash is the same salt with excess of base.t These 

three different kinds of salts must increase the number of sa- 

line compounds very considerably: but the precise number of 

salts is not known, as many of them remain still un-examined 

by chemists. Probably there are not much fewer than 2000. 

Some idea may be formed of the progress which this branch 

of chemistry has made, by recollecting that 40 years ago not 

more than 30 salts in all were known. 

Of these 2000, however, a considerable number may be 
considered as still unknown, as they have been merely formed 
without being examined. Of those which are known, the 
greater number have not been applied to any use, and there- 
fore do not deserve a very particular description. 

As the different genera of salts are denominated from their nomen- 
acids, it is evident that there must be as many genera as there “"""™ 
are acids.’ “he terminations of the’naines of these genera 
differ according to the nature of the acid which constitutes 
them. When that acid contains a maximum of oxygen, the 
termination of the genus is ate ; when it does not contain a 
maximum of oxygen, the termination of the genus is ite. 


-* Pearson’s Translation of the Chemical Nomenclature, p. 52. 

+ In most cases the acid in the supersalt is just double of that in the neu- 
tral salt. It is therefore better to denote it by prefixing the syllable bi. Thus 
sulphate of potash is the neutral salt, bisulphate of potash is what is usually 
denominated supersulphate, or acidulous sulphate. 
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Thus the salts which contain sulphuric acid are called sad- 
phates ; those which contain sulphurous acid are called sw/- 
phites. This distinction is of some consequence, because the 
salts differ very much, according as the acid is saturated with 
oxygen or not. The ites are seldom permanent; when ex- 
posed to the air, they usually attract oxygen, and are converted 
into ates. 

Every particular species of salt js distinguished by subjoin- 
ing to the generic term the name of its ee, Thus the salt 
composed of sulphuric acid and soda is called sulphate of soda. 
Triple salts are distinguished by subjoining the names of both 
the bases connected by hyphens. Thus the compound of tar- 
taric acid, potash, and soda, is called tartrate of potash-and- 
soda. Another mode of naming these triple salts is sometimes 
followed. One of the names of the bases is prefixed to the 
generic name so as to act the part of an adjective. For ex- 
ample, soda-muriate of rhodium, means the triple salt composed 
of muriatic acid, soda, and oxide of rhodium. Sometimes the 
name of the base prefixed is altered a little, as ammonio-sul- 
phate of magnesia (sulphate of magnesia-and-ammonia ;) ferru- 
ginous sulphate of xinc. (sulphate of xinc-and-iron.) ‘This is a 
less unwieldy mode of naming the triple salts, but it is not 
always possible to employ it in our language. 

Before the correction of the chemical nomenclature by 
Morveau in 1781, chemists usually referred the genera of salts 
to the bases, and distinguished the species by the acids. That 
celebrated philosopher entirely reversed the method by intro- 
ducing the new generic terms formed from the acids; and his 
ingenious nomenclature having been sanctioned and improved 
in 1787 by Lavoisier, Berthollet, and Fourcroy, who joined 
with him in forming a new chemical nomenclature, has now 
become universally prevalent. But after considering the sub- 
ject with considerable attention,: I think the mode of arranging 
the salts according to the bases is attended with such advan-- 
tages as to induce me to adopt it in this work. [I shall there- 
fore divide this chapter into $2 sections, allowing a section for 
the salts formed by the combination of each salifiable base with 
the different acids. 
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SALTS OF AMMONIA. 


1. Tue salts of ammonia, with a very few exceptions are all 
soluble in water. 

2. When potash or quicklime is mixed with an ammoniacal 
salt a smell of ammonia is emitted. 

3, If to an ammoniacal salt dissolved in water a little salt 
containing magnesia be added, and afterwards some phosphate 
of soda dropped in, a copious white precipitate falls. 

4. When an ammoniacal salt is exposed to heat, it is com- 
pletely dissipated in vapours; except when the acid has a fixed 
metal or phosphorus for its base, in which last case the acid 
alone remains behind. 

5. The ammoniacal salts are not precipitated by infusion of 
nut-galls or ferrochyazate of potash. 

6. When a solution of platinum is dropped into a salt of 
ammonia, an orange-coloured precipitate falls. 

This genus of salts has been very fully investigated. The 
following are the different species. 

Sp. 1. Nitrate of ammonia. This salt has been long known: 
it was formerly distinguished by the names of mitrum semi- 
volatile and nitrum fiammans. Berthollet examined it in the 
course of his experiments on the component parts of nitric 
acid: and Sir H. Davy has added considerably to our know- 
ledge of its composition and decomposition.* It may be pre- 
pared by dissolving carbonate of ammonia in diluted nitric 
acid, and evaporating the solution till the salt crystallizes. 

The appearance of this salt varies very much, according to 
the temperature at which its solution is evaporated. In a mo- 
_derate heat, 70° or 100° for instance, and by slow cooling, it 
is obtained in six-sided prisms, terminated by long six-sided 
pyramids. When the solution is evaporated at the temperature 
of 212°, the crystals are channelled and have a fibrous tex- 
ture, or they are formed of long soft elastic threads. When 
dried in a heat of about 300°, it assumes the form of a white 
compact mass. These differences are owing to different pro- 
portions of water of crystallization which the salt contains. 

Nitrate of ammonia has a very acrid, bitter, disagreeable 
taste. Its specific gravity is 1°5785.+ At the temperature of 
60° this salt is soluble in two parts of water: it dissolves in 


* Davy’s Researches, p. 71. 
+ Hassenfratz, Ann. de Chim. xxviii. 12. 
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Book . half its weight of boiling water.* It must be observed, how- 
Ursien I ever, that its solubility varies with the proportion of water of 
crystallization which it contains. ‘When exposed to the air, 
nitrate of ammonia soon attracts moisture and deliquesces. 
When this salt, in the state of fibrcus or prismatic crystals, 
is heated, it becomes fluid at a temperature below 300°; be- 
tween 860° and 400° it boils without decomposition ; but when 
heated to 450°, or somewhat higher, it is gradually decom- 
posed, without losing its water of crystallization. Compact 
nitrate, on the other hand, undergoes little or no change till it 
is exposed to a temperature higher than 260% Between 275° 
and 300° it sublimes slowly without decomposition, and with- 
out becoming fluid. At 320° it melts, and at the same time is 
partly decomposed, partly sublimed.+ 
When this salt is decomposed in a temperature not exceed- 
ing 500°, it is wholly converted into protoxide of azote and 
water. From the experiments of Davy, it appears that these 
products are nearly in the proportion of four parts of gas to 
three parts of water.{ It is easy to see that (abstracting the 
water of crystallization) it must be decomposed into 


Mater i ..kslaaink te one ene BOTS, O08 BO 
Protoxide of azote .... 5°5 4.4: 


Now this is nearly in the proportion of 3 parts of water to 44 
parts of protoxide of azote. When it is exposed to a heat 
above 600°, this salt explodes, and is totally decomposed, being 
converted into nitrous acid, nitrous gas, water, and azotic gas. 
This phenomenon, observed long ago, induced the older che- 
mists to give the salt the name of nitrum flammans. The na- 
ture of the decomposition was first ascertained by Berthollet, 
and more lately it has been examined by Davy. 


Composi- The following table exhibits the constituents of this salt ac- 
tion. . : . ° . 
cording to the experiments hitherto made upon it by chemists: 
§ ".. ce ii Ke tt 


AOMn.. 57..«0 1045 .. 6S. 2. CF Oks Go eb 11D 6. (OMe 
poo mee eer 2 aa Zoe 6: EO A nce LO inet TOS ius CORCne 
Wisteria ods. LS ae ee ea gs ry 

‘Total..100 ..100°0 ..100°0..100°0 ..100°0..100°0 100°00 


* Fourcroy, 1. 195, Eng. Trans. + Davy, p. 85. { Ibid. p. 105. 

§ Kirwan, Nicholson’s Jour. ii. 215. || Wenzel, p. 83. 

** Ure, Annals of Philosophy, x. 204 and 205. 

++ Davy’s Researches, p.71. In the first of these analyses the salt was 
prismatic, in the second fibrous, and in the third compact. 

¢} Pheoretic composition. 
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Sp. 2. Nitrite of ammonia. This salth as not hitherto been chap. 1. 
examined. camel 
Sp. 3. Carbonate of ammonia. This salt has been long ¢. carbo. 
known. It is often obtained by distilling animal substances : ™* 
but for chemical purposes it is best to extract it from sal am- 
moniac by means of chalk. ‘Two parts of chalk and 1 part of 
sal ammoniac, both as dry as possible, are mixed together and 
put into an earthen retort. On the application of a sufficient 
heat, carbonate of ammonia sublimes, and is obtained in the 
state of a white crystallized mass. There are two subspecies 
of it, the carbonate and bicarbonate. 
Subspecies 1. Carbonate. ‘This salt may be obtained in crys- 
tals, but they are so small and so irregular, that it is difficult 
to ascertain their form. According to Bergman, they may be 
obtained in octahedrons, having, for the most part, their two 
opposite apexes truncated.* ‘The taste and smell of this salt, 
‘though much weaker, are the same with those of pure ammo- 
nia. Like all the alkaline carbonates, it converts vegetable 
blues to green, precisely as pure alkalies do. Its specific gra- 
vity is 0°966.f¢ It is soluble in rather less than twice its weight 
of cold water. Hot water dissolves its own weight of it. Boil- 
ing water cannot be employed, because at that heat the carbo- 
nate is volatilized. When heated it evaporates very speedily. 
When in its perfect state this subspecies is composed of 1 
atom carbonic acid and 1 atom ammonia, or by weight of 


Carbonic acid 22°75 se SED a. vs 100 
ante: 6 ee 2S ES AOSD So hac FF OT 


100°00 


But the longer it is kept, the greater is the proportion of 
carbonic acid and the smaller the proportion of ammonia which 
it contains. Because the alkali gradually makes its escape into 
the atmosphere. I have obtained it from shops in London 
composed as follows : : 


Carbonic acid .. 55°70.... 100 
Amuaronia.. «00 2647 6s.6.. 46°98 
Water... vayobs ks 


- 100°00 
So that it had lost within one-fifth part of half of its ammonia. 


* Bergman, 1. 21. + Hassenfratz, Ann. de Chim. xxviii. 12. 
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prok Subspecies 2. Bicarbonate, This salt may be obtained by 
exposing the common carbonate of ammonia in powder to the 

Properties air, or by causing a current of carbonic acid gas to pass through 
a solution of it in water. It crystallizes in six-sided prisms, 
usually small, has no smell, and less taste than the subcarbo- 
nate. According to the experiments of Schrader, it is com- 
posed of about 


56 acid 
19 base 
25 water 
100* 
Its true composition is 
PCV. nde Cee ane 100 
Base ee, . ae 38°63 


é. Borate. Sp. 4. Borate of ammonia. ‘This salt has been described by 
Wenzel. It forms permanent crystals, which have a consider- 
able resemblance to borax. When heated the ammonia flies 
off, carrying with it a portion of the acid, but leaving a part 
of it in a state of purity. From the experiments of Wenzel, 
its constituents are, + 

100 acid 
34 base and water 


Its true composition is obviously, 


£71 See 2°875 . 100 
PASCic oat oseut CARA 5 Saari 7 55°) 
Berzelius analyzed this salt, and obtained the following result: 
PACT ous ses Say FOO 
Ammonia ..; .'30°32~ 5° (F99895 
WY MEr~ ss oe SIRs 
100-00 t 
Sp. 5. Silicate of ammonia. ‘This salt is unknown. 
6. Phos- Sp. 6. Phosphate of ammonia. This salt exists in urine, and 
phate. = seems to have been first accurately distinguished by Rouelle. | 


It was afterwards examined by Lavoisier in 1774, and still! 
more lately by Vauquelin.§ It is usually prepared by satu-; 
* Gehlen’s Jour. il. 582. + Verwandtschaft, p. 249. 
{ Annals of Philosophy, i. 57.. § Jour. de l’Ecole Polytechnique. } 
5 
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rating with ammonia the superphosphate of lime obtained from chap. 1. 
bones, and evaporating the solution to such a consistency, that. 
when allowed to cool the phosphate of ammonia is obtained in 
crystals. 

It crystallizes in octahedrons composed of two low four- Properties. 
sided pyramids with square bases. Its taste is saline with some 
bitterness. Its specific gravity 1°8051.* It is soluble in twice 
its weight of water at the temperature of 55°, and in rather a 
smaller proportion of boiling water. It is by spontaneous eva- 
poration that it is obtained in the state of regular crystals. It 
is not altered by exposure to the air. When heated, it under- 
goes the watery fusion: it then dries; but if the heat be con- 
tinued, it swells up, loses its alkaline base, and the acid melts 
into a transparent glass. 

Sp. 7. Phosphite of ammonia. ‘This salt is very soluble in 7. Phos- 
water, and crystallizes with difficulty. No experiments have ?"™ 
been made to determine its composition, but it is doubtless com- 
posed of an atom of acid united to an atom of ammonia. 

Sp. 8. Hypophesphite of ammonia. 'This salt is very soluble 8. Hypo- 
in water and equally soluble in alcohol. It has not been ana- oe 
lyzed. 

Sp 9. Sulphate of ammonia. This salt was discovered by ». sul- 
Glauber, and called by him secret sal ammoniac. It was also” 
called vitriolated ammoniac. It may be prepared by saturating 
ammonia with sulphuric acid, or by decomposing sal ammo- 
niac by means of sulphuric acid. 

Its crystals are generally small six-sided prisms, whose planes Properties. 
are unequal, terminated by six-sided pyramids. It has a sharp 
bitter taste. It is soluble in twice its own weight of water at 
the temperature of 60°, and in its own weight of boiling water. 

Water of the temperature of 144° dissolves 0°78 of its weight 
of this salt.j When exposed to the air, it slowly attracts 
moisture. 

When heated, it first decrepitates, then melts, and in close 
vessels sublimes, but with some loss of its alkali.{ In that state 
it might be called supersulphate of ammonia, as it contains an 
excess of acid, has an acid taste, and reddens vegetable blues. 

When heated nearly to redness, the greatest part of it is de- 
composed, some sulphurous acid comes over and some ammo- 


* Hassenfratz, Ann. de Chim. xxviii. 12. + Wenzel, p. 309. 
Kirwan’s Min. ii. 11. 
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u Sie ) probability water 1s formed.* 
Its constituents have been determined as follows: 
oR x Se 
t i § | * wh 


Compo Acid... 54°66 .. 58°75 .. 59°B .. 60 ., Org gs 016e 
g Base !... 14°94 .. 41°95 .. 40°2 .. 40 .. 29°83... 49°5 
Water .. 31°10 


a 


1:00°00: ) .100°00.., 1.0020: (5/100: 100700 


The crystals of sulphate of ammonia contain 3 atoms of 
water combined with 1 atom of the salt. It does not seem 
possible to separate the water completely without decomposing 
the salt. 

10, Sul- Sp. 10. Szlphite of ammonia. This salt was first described 

a by Fourcroy and Vauquelin.}+ It crystallizes in six-sided 
prisms terminated by six-sided pyramids; or in four-sided 
rhomboidal prisms, terminated by three-sided summits. Its 
taste is cool and penetrating, like that of the other ammoniacal 
salts, but it leaves a sulphureous impression in the mouth. It 
is soluble in its own weight of cold water, and much cold is 
produced. Its solubility is increased by heat; so that a satu- 
rated boiling solution crystallizes on cooling. When exposed 
to the air it attracts moisture, and is soon converted into a sul- 
phate. No other sulphite undergoes this change so rapidly. 
When heated it decrepitates, a little ammonia is disengaged, 
and the salt then sublimes in the state of supersulphite of am- 
monia. 

There can be no doubt that this salt is composed of 


Sulphurous acid...... 4°000...... 100 
AtaWORID \ os bd daa oe hae Ses pete 


If any confidence can be put in the analysis of this salt by 
Fourcroy and Vauquelin, the crystals seem to consist of 2 
atoms of salt united to 1 atom of water. 

Sp. 11. Hyposulphite of ammonia. According to Mr. Hers- 


* Hatchett, Phil. Trans. Ixxxvi. 314. 

+ Kirwan, Nicholson’s Quarto Jour. il. 215. 
+ Wenzel’s Verwandtschaft, p. 58. 

§ Richter, Statiqne Chimique, i. 136. 

|| Ure, Annals of Philosophy, x. 203. 

** Theoretic composition. 

++ Nicholson’s Jour, 1. 317. 
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chell, the only person who has hitherto examined this salt, it chap. 1. 
is always a compound of 2 atoms acid with 1 atom baze. So 

that it is a bin-hyposulphite. It does not readily crystallize ; 

but when much concentrated, cools into a confused pappy mass 

of very minute spicule. Its taste is bitingly pungent, suc- 
ceeded by a disgusting bitterness. When heated, it burns, 

with a weak flame, and evaporates entirely.* 

Sp. 12. Hyposulphate of ammonia. Still unexamined. 

Sp. 13. Seleniate of ammonia. According to Berzelius, am- 13. seleni- 
monia combines with three different proportions of selenic acid, **” 
forming seleniate, biseleniate, and quadriseleniate of ammonia. 

(1.) Seleniate is obtained by adding selenic acid to concen- 
trated caustic ammonia till there be a small excess of acid. 
When the solution is left in a cool place, the salt precipitates 
partly in four-sided prisms, and partly in feather-shaped crystals. 
They deliquesce when exposed to the air. 

(2.) The biseleniate is formed when the neutral seleniate is 
dissolved in water, and the liquid is left to spontaneous eva- 
poration. A portion of the ammonia flies off, and the bise- 
leniate is deposited in acicular crystals, which undergo no 
change, though exposed to the air. 

(3.) Quadriseleniate is obtained either by heating a solution 
of biseleniate, or by adding selenic acid to the biseleniate. It 
does not crystallize, and when evaporated to dryness, speedily 
absorbs moisture from the atmosphere.+ 

Sp. 14. Arseniate of ammonia. When arsenic acid is satu- 14. arseni- 
rated with ammonia, the liquid by a careful evaporation (sup- ** 
plying the ammonia in proportion as it escapes) yields four- 
sided rectangular prisms, terminated at one extremity by a 
four-sided pyramid, at the other by a bihedral summit. With 
an excess of acid, it yields needle-form crystals of bin-arseniate 
of ammonia, which deliquesce when exposed to the air. 

When arseniate of ammonia is gently heated, it loses its 
transparency and part of its alkali. In a strong heat a portion 
of the ammonia is decomposed, water is formed, arsenic sub- 
limed, and azotic gas disengaged. This was one of the expe- 
riments which first led Scheele to the discovery of the compo- 
nent parts of ammonia.{ This salt has not been analyzed. It 
is probably a compound of 


* Edinburgh Phil. Jour. i. 19. 
+ Berzelius, Ann. de Chim. et de Phys. ix, 260. 
t Scheele, 1. 145. 
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Arsenic acid ....14°5 ...... 100 
Ammonia ..e... 2°125...6.. 14°655 


' Sp. 15. Arsenite of ammonia. This salt may be prepared 
by dissolving arsenious acid in liquid ammonia. A viscid yel- 
low-coloured liquor is obtained which does not crystallize. It 
has not been examined by modern chemists. 

Sp. 16. Antimoniate of ammonia. ‘This combination has 
hitherto been examined by Berzelius only. It may be formed 
by digesting the hydrate of antimonic acid in caustic ammonia. 
A neutral solution is gradually formed. If we attempt to eva- 
porate it a portion of the ammonia is disengaged and a white 
powder falls, which is a superantimoniate of ammonia. It red- 
dens vegetable blues, and when heated in a retort ammonia 
and water are driven off, and antimonic acid remains behind. 
This supersalt is not decomposed by exposure to the air for 
months, even at the temperature of 122°.* 

Sp. 17. Antimonite of ammonia. This salt has not been 
examined. 

Sp. 18. Chromate of ammonia. ‘This salt has been slightly 
examined by Vauquelint and John.{ It may be formed 
by saturating chromic acid by ammonia. The salt gra- 
dually forms dendritical crystals of a fine yellow colour. 
When slightly heated it is decomposed, even when in solution 
brown flocks of chromic oxide precipitating. It has not been 
analyzed, but is probably a compound of 


Chromic acid.... 6°5  ....+. 100 
Ammonia. as s0 / 21256 06.0561 8269 


Sp. 19. Molybdate of ammonia. This salt dissolves readily 
in water. The solution does not crystallize, but forms by eva- 
poration.a semi-transparent mass. When heated the ammonia 
is partly driven off, partly decomposed, and the acid is reduced 
to the state of an oxide.§ It has not been analyzed, but is 
probably a compound of 


Molybdic acid.... 9 fs. LOO 
AMMONIA <% b5%i009 21k Boon wa ance BL 
Sp. 20. Molybdate of ammonia. Has not been examined. 


Sp. 21. Tungstaie of ammonia. This salt may be formed 
by dissolving tungstic acid in carbonate of ammonia. By eva- 


* Nicholson’s Journal, xxxv. 40. + Ann. de Chim. Ixx. 70. 
¢ Annals of Philosophy, iv. 425. § Bucholz, Gehlen’s Jour. iv. 616. 
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porating the solution, the tungstate of ammonia crystallizes, chap. 1. 
sometimes in small scales resembling boracic acid, and some- 
times in four-sided prismatic needles. Its taste is metallic; it 
is soluble in water, does not deliquesce in the air, and is de- 
composed completely by heat. Its composition according to 
Vauquelin is 

78 oxide 

22 ammonia and water 


100* 
Its true composition is doubtless, 


Tungstic acid... yee Rigi boo) 
AMMONIA. eee de> ¢ we louise 


Comparing this with Vauquelin’s analysis, it appears, that 
100 parts of the crystallized salt contain 16 of water. So that 
the crystals are composed of 1 atom salt + 2 atoms water. 

Sp. 22. Columbate of ammonia. Not yet examined. 

Sp. 23. Acetate of ammonia. This salt may be prepared by 23. Ace. 
saturating acetic acid with ammonia. If the acid and alkali 
be weak it is difficult to saturate them with each other. It is 
requisite therefore that they should be both concentrated-+ It 
is too volatile to be easily crystallized: It may, however, by 
gentle evaporation, be made to deposite needle-shaped crys- 
tals. Mr. de Lassone crystallized it by sublimation.{ When 
the sublimation is slow, it forms long, slender, flatted crystals, 
terminating in sharp points, of a pearl-white colour, and about 
an inch and eight-tenths in length.§ It impresses the tongue 
at first with a sense of coldness, and then of sweetness, which 
is followed by a taste resembling that of a mixture of sugar 
and nitre, in which the sweet does not predominate over the 
mawkish taste of the nitre.|| It is very deliquescent. It melts 
at 170°, and sublimes at about 250°.** When a watery solu- 
tion of this salt is distilled, there comes over first a quantity of 
ammonia, next a quantity of acetic acid, and at last of the salt 
itself containing an excess of acid. No such decomposition 
takes place when the crystals are distilled bya moderate heat.++ 


* Vauquelin and Hecht, Jour. de Min. No. 19, p. 20. 

} Steinacher, Jour. de Phys, Ixy. 32. 

t Mem. Par. 1775. I have often crystallized it by confining the concen- 
trated solution under the exhausted receiver of an air pump along with sul- 
phuric acid. 

§ Higgins on Acetous Acid, p. 188. | Ibid. p. 192. 

= © Tid: + tIbid, 
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Its constituents, as determined by Wenzel and Richter, are 


~~ 28 follows: 


24. Ben- 
gzoate. 


25. Succi- 


26. Moroxe 
ylate. 


27. Cam- 
phorate. 


t + 
Aci: a: sepmem 45-15! ni 6ST 
Bake csasiver. 018765) 6 0h, BUBB 


— 


100. 100 


There can be no doubt that the true composition of this salt 
is as follows: 


Acetic Bcd 2.55. . O'S7E. 4s ID oa due 
Ammonia ....... 2125 .... 26 «+. . 338 


An accurate analysis of it would be very difficult to execute. 

Sp. 24. Benzoate of ammonia. This salt crystallizes with 
difficulty. Its crystals are feather-shaped. It deliquesces. It 
is very soluble in water. Benzoate of ammonia has been 
recommended by Berzelius, as an excellent reagent for precipi- 
tating iron from its solution. It throws down this metal of an 
orange colour, and occasions no insoluble precipitates with any 
of the other salifiable bases, except tellurium and mercury, and 
perhaps copper, all of which are thrown down white.} 

Sp. 25. Succinate of ammonia. ‘This salt forms needle- 
shaped crystals, but it crystallizes with difficulty. It has a 
sharp, bitter, and cooling taste; when exposed to heat, it 
sublimes without decomposition. 

Succinate of ammonia is much used for precipitating iron 
from its solutions, which it does only when in the state of per- 
oxide, and then throws it down of a deep flesh-red colour. It 
likewise precipitates barytes and mercury from their solution 
in acids. With several other metallic solutions, as copper 
and lead, it likewise forms white precipitates, which dissolve 
when sufficiently diluted with water. 

Sp. 26. Moroxylate of ammonia. ‘This salt may be formed 
by pouring carbonate of ammonia into the solution of the 
moroxylate of lime. The solution, when evaporated, yields 
crystals of moroxylate of ammonia in long slender prisms.§ 

Sp. 27. Camphorate of ammonia. This salt may be prepared 
by dissolving carbonate of ammonia in hot water, and adding 
camphoric acid slowly till the alkali is saturated. It must 
then be evaporated with a very moderate heat, to prevent the 


* Wenzel, p. 149. + Richter, Statique Chimique, i. 136. 
t Afhandlingar, 111. 152. § Klaproth, Nicholson's Jour. vii. 130. 
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disengagement of the ammonia. It is very difficult to obtain Chap. 1. 
this salt in regular crystals. When evaporated to dryness, 

there is left a solid opaque mass of a sharp and bitterish taste. 
Water at the temperature of about 60° dissolves nearly +45th 

part of its weight of this salt; boiling water dissolves $d of its 
weight: But all the alkaline camphorates are much more so- 

luble when there is an excess of base. It is completely solu- 

ble in alcohol. 

When exposed to the air it attracts moisture, but not in 
sufficient quantity to enable it to assume a liquid form. When 
exposed to heat it swells, melts, and is converted into vapour. 
Before the blow-pipe it burns with a blue and red flame, and 
is entirely volatilized. Most of the calcareous salts form triple 
salts with camphorate of ammonia. It decomposes in part all 
the aluminous salts except the sulphate of alumina.* 

Sp. 28. Boletate of ammonia. This salt has been described 
in a preceding part of this vol. p. 156. 

Sp. 29. Suberate of ammonia. This salt crystallizes in pa- 2°. Buber- 
rallelopipeds. Its taste is saltish, and it leaves an impression sacs 
of bitterness. It reddens vegetable blues. It is very soluble 
in water. It attracts moisture from the air. When placed 
upon burning coals it loses its water of crystallization, and 
swells up; and before the blow-pipe it evaporates entirely.+ 

Sp. 30. Pyrotartrate of ammonia. Not hitherto examined. 

Sp. 31. Oxalate of ammonia. When oxalic acid is saturated s1. oa. 
with ammonia, the solution yields by evaporation oxalate of" 
ammonia crystallized in four-sided prisms, terminated by di- 
hedral summits. The lateral edges are often truncated, so as 
to make the prism six or eight-sided. Its taste is bitter and 
unpleasant, somewhat like that of sal ammoniac. The specific 
gravity of the crystals is 1°582. At the temperature of 60° 
100 parts of water dissolve only 4°5 parts of this salt. The 
specific gravity of the solution is 10186. This salt is insoluble 
in alcohol. When distilled, carbonate of ammonia is disen- 
gaged, a little of the acid is sublimed, and a residuum of char- 
coal remains behind. This salt is much used as a reactive to 
detect the presence of lime.{ It is capable of combining with 
a double dose of acid, and forming a binoxalate, Ovxalate of 
ammonia is a compound of 

Cmancosed).. 45" Ss. TOO 
Ammonia .... 2°125 .... (47222 


* Ann. de Chim. xxvii. p, 31, + Ann, de Chim, xxxity. 55. 
{ Bergman, 1. 261. 
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‘The analyses both of Berard and myself of this salt were 
inaccurate, because our oxalic acid was not completely freed 
from water. 

Sp. $2. Mellate of ammonia. When mellitic acid is satura- 
ted by ammonia, the solution yields fine transparent six-sided 
crystals, which become opaque when exposed to the air, and 
assume the white colour of silver.* 

Sp. 33. Tartrate of ammonia. The crystals of this salt are 
polygonous prisms, not unlike those of tartrate of soda. It has 
a bitter taste like that of nitre. It is very soluble in water. 
Heat decomposes it. This salt also, as Retzius affirms, com- 
bines with an excess of acid, and forms a supertartrate almost 
as insoluble in water as tartar. 

Sp. 34. Citrate of ammonia. This salt, formed by dissolving 
carbonate of ammonia in citric acid, does not crystallize till 
its solution be evaporated to the consistency of a thick syrup. 
Its crystals are elongated prisms. It is very soluble in water. 
Its taste is cooling and moderately saline. The ammonia is 
separated by the application of heat. 

According to Vauquelin, it is composed of 


62 acid 
38 ammonia 


100§ 
Its true composition is doubtless 


CIiC HEU. he 6 28575 eee LOG 
Ammonia. ... 2125 ..... 6 QOD 


- Sp. 35. Saclaciate of ammonia. This salt has an acid taste, 
always containing an excess of acid. Heat disengages the 
ammonia. || 

Sp. 36. Urate of ammonia. A white tasteless powder, scarcely 
distinguishable in appearance from uric acid. It dissolves in 
an excess of acid. 

Sp. 37. Lactate of ammonia. Not hitherto examined. 

Sp. 38. Matate of ammonia. 'This salt does not crystallize 
unless there be an excess of acid. In that case it forms per- 
manent crystals insoluble in alcohol.** 


* Klaproth’s Beitrage, iii. 131, + Dobson. 
{ Scheele. § Fourcroy, vil. 208. 
|| Scheele on sugar of milk. ** Donovon, Phil. Trans. 1815, 


SALTS OF- POTASH. 


42. 


3 


Sp. 39. Formate of ammonia. This salt is soluble in water, chap. 1m. 


and may be sublimed without decomposition. 


Sp. 40. Lactate of ammonia. When concentrated lactic acid 40. Lactate. 


is mixed with an excess of caustic ammonia, the mixture ac- 


quires a strong volatile smell not unlike that of acetate or for- 


mate of ammonia, which however soon ceases. ‘The salt has 
sometimes a slight tendency to shoot into crystals. It forms 
a@ gummy mass, which, when exposed to the air, loses a por- 
tion of its base, and acquires an excess of acid. When heated, 
a great part of the ammonia is disengaged, and a very acid 
salt remains which deliquesces in the air.* When there is 
an excess of acid the salt crystallizes in parallelopipeds.+ 

Sp. 41. Gallate of ammonia. | 

Sp. 42. Tannate of ammonia. Neither of these compounds 
has been examined with care. ‘They do not seem to be of a 
permanent nature. 

Such are the properties of the salts of ammonia. Their 
composition is easily determined by considering them as com- 
posed of 1 atom of ammonia united to 1 atom of each of the 
acids. The weight of an atom of ammonia is 2°125, and the 
weights of all the acids, as far as they have been determined, 
have been given in a preceding chapter of this work. 


SECT. II. 
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1. Tu salts of potash, a very few excepted, are soluble in Generar 


water. But in general they are less soluble than those of am- 
monia. 

2. Many of them can be obtained in the state of crystals; 
but many of them likewise refuse to crystallize. In general 
the salts of potash have a less tendency to form regular crys- 
tals than the salts of soda. / 

3. If tartaric acid, dissolved in water, be dropped into an 
aqueous solution of a salt of potash, the liquid speedily depo- 
sites a white granular sediment. ‘This sediment has a sour 
taste, and consists of small crystals of cream of tartar. 

4. If a solution of sulphate of alumina be dropped into a salt 
of potash, octahedral crystals of alum are very soon deposited. 


* Berzelius, Djurkemien, n. 436. 
¢ Braconnot, Ann. de Chim, Ixxxvi. 84, 
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5. The salts of potash may be exposed to a red heat with- 
out being volatilized like the salts of ammonia. If the acid 
contained in the salt be combustible, it is decomposed, and 
carbonate of potash, mixed with a little charcoal, remains 
behind. If the acid is not combustible the salt usually fuses 
and its nature is not altered; though to this there are some 
exceptions. Thus the nitric acid is gradually decomposed at 
a red heat, sulphurous acid lets sulphur sublime, and is con- 
verted into sulphuric acid, phosphorous acid allows phosphu- 
retted hydrogen to escape, and is converted into phosphoric 
acid. 

6. The salts of potash are not precipitated by infusion of 
nutgalls nor by ferrochyazate of potash. 

7. They are not affected by sulphuretted hydrogen gas, or 
by the addition of a hydrosulphuret, except when their acid 
has a metal for its basis. In which case the acid is decom- 
posed and precipitated, and the potash left behind. 

8. When a solution of platinum is dropped into a salt of 

potash, an orange-coloured precipitate appears. 
Sp. 1. Nitrate of potash. As this salt, known also by the 
name of saltpetre, is produced naturally in considerable quan- 
tities, particularly in Egypt, it is highly probable that the an- 
cients were acquainted with it: but scarcely any thing certain 
can be collected from their writings. If Pliny mentions it at 
all, he confounds it with carbonate of soda, which was known 
by the names of nitron and nitrum. It is certain, however, 
that it has been known in the East from time immemorial. 
Roger Bacon mentions this salt in the 13th century under the 
name of nitre. 

No phenomenon has excited the attention of chemical phi- 
losophers more than the continual reproduction of nitre in 
certain places after it had been extracted from them. Prodi- 
gious quantities of this salt are necessary for the purposes of 
war; and as nature has not laid up great magazines of it, as 
she has of some other salts, this annual reproduction is the 
only source from which it can be procured, It became, there- 
fore, of the utmost consequence, if possible, to discover the 
means which nature employed in forming it, in order to en- 
able us to imitate her processes by art, or at least to accelerate 
and facilitate them at pleasure. Numerous attempts accord- 
ingly have been made to explain and to imitate these processes. 

Stahl, setting out on the principle that there is only one 
acid in nature, supposed that nitric acid is merely sulphuric 
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acid combined with phlogiston, and that this combination is Chap. 1. 
produced by putrefaction; he affirmed, accordingly, that nitre 

is composed by uniting together potash, sulphuric acid, and 
phlogiston. But this opinion, which was merely supported by 

very far-fetched analogies, could not stand the test of a rigor- 

ous examination. | 

Lemery, the younger, accordingly advanced another, affirm- 
ing, that all the nitre obtained exists previously in animals 
and vegetables, and that it is formed in these substances by 
the processes of vegetation and animalization. But it was soon 
discovered that nitre exists, and is actually formed, in many 
places where no animal nor vegetable substance had been de- 
composed: and consequently this theory was as untenable as 
the former. So far indeed is it from being true, that nitre is 
formed by these processes alone, that the quantity of nitre in 
plants has been found to depend entirely on the soil in which 
they grow.* 

At last, by the numerous experiments of several French 
philosophers, particularly by those of Thouvenel, it was dis- 
covered that nothing else is necessary for the production of 
nitre but a basis of lime, heat, and an open, but not too free 
communication with dry atmospheric air. When these cir- 
cumstances combine, the acid is first formed, and afterwards 
the alkali makes its appearance. How the air furnishes ma- 
terials for this production is easily explained, now that the 
e€omponent parts of the nitric acid are known to be oxygen 
and azote: but how lime contributes to their union it is not 
so easy to see. ‘The appearance of the potash is equally ex- 
| traordinary. 

Nitre is found abundantly on the surface of the earth in Prowirs 
india, South America, South Africa, and even in some parts 
of Spain. In Germany and France it is obtained by means 
| of artificial nitre beds. These consist of the refuse of animal 
and vegetable bodies undergoing putrefaction, mixed with 

calcareous and other earths. It has been ascertained, that if 
| oxygen gas be presented to azote at the instant of its disen- 
| gagement, nitric acid is formed. This seems to explain the 
| origin of the acid in these beds. The azote disengaged from 
| these putrefying animal substances combines with the oxygen 
| oftheair. The potash is probably furnished, partly, at least, 
| by the vegetables and the soil. 


* Bouillon. 
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The nitre is extracted from these beds by lixiviating the 
earthy matters with water. This water, when sufficiently im- 
pregnated, is evaporated, and a brown-coloured salt obtained, 
known by the name of crude nitre. It consists of nitre, com- 
mon salt, nitrate of lime, and various other salts. The foreign 
salts are either separated by repeated crystallizations, or by 
washing the salt repeatedly with small quantities of water ; 
for the foreign salts being more soluble are taken up first. 

Nitre, when slowly evaporated, is obtained in six-sided 
prisms, terminated by six-sided pyramids; but for most pur- 
poses it is preferred in an irregular mass, because in that state 
it contains less water. The primitive form of its crystals, ac- 
cording to Haiiy, is a rectangular octahedron, composed of 
two four-sided pyramids applied base to base; two of the sides 
are inclined to the other pyramid at the angle of 120°; at 
the other two at an angle of 111°. The form of its integrant 
particles is the tetrahedron. The six-sided prism is the most 
common form which it assumes. Sometimes, instead of six- 
sided pyramids, these prisms are terminated by 18 facets, dis- 
posed in three ranges of six, as if three truncated pyramids 
were piled on each other: sometimes it crystallizes in tables.* 

The specific gravity of nitre, as ascertained by Dr. Wat- 
son, is 1°933.t Its taste is sharp, bitterish, and cooling. It is 
very brittle. It is soluble in seven times its weight of water at 
the temperature of 60°, and in rather less than its own weight of 
boiling water.t It dissolves in 1°04 parts of water at the tem- 
perature 144°.§ Alcohol, of the specific gravity °878, dissolves 
ith of its weight of this salt, but stronger alcohol takes up no 
sensible portion of it.|| It is not altered by exposure to the air. 

When the solution of nitre is exposed to a boiling heat, 
part of the salt is evaporated along with the water, as Walle- 
rius, Kirwan, and Lavoisier, observed successively. When 
exposed to a strong heat it melts, and congeals by cooling into 
an opaque mass, which has been called mineral crystal. When 
heated nearly to redness it begins to disengage oxygen; and 
by keeping it in a red heat, about the third of its weight of 
that gas may be obtained: towards the end of the process 
azotic gas is disengaged. If the heat be continued long 


* Traité de Mineralogie, ii. 346. 

+ Essays, v. 67. Wallerius makes it 1:900 (Chemistry, p. 266); Hassen- 
fratz found it 1:9369 (Ann. de Chim. xxviii. 12.); Fahrenheit had stated it 
as long ago as 1724 at 2°150 (Phil. Trans. xxxili. 114.) 

} Bergman, i. 134. § Wenzel. p. 309. || Kirwan. 
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enough, the salt is completely decomposed, and pure potash chap. i. 


remains behind. 

It detonates more violently with combustible bodies than 
any of the other nitrates. When mixed with one-third part 
of its weight of charcoal, and thrown into a red-hot crucible, 
or when charcoal is thrown into red-hot nitre, detonation 
takes place, and one of the most brilliant combustions that can 
be exhibited. The residuum is carbonate of potash. It was 
formerly called nitre fixed by charcoal. The alchymists per- 
formed this experiment in a tubulated earthen retort, to which 
an apparatus of glass vessels was luted. After every portion 
of nitre and charcoal which they threw in, they shut up the 
retort. The carbonic acid and azotic gas which were disen- 
gaged often burst their apparatus. To the small quantity of 
water which they obtained in their vessels, they gave the name 
of clyssus, and ascribed to it a great many virtues. A still 
more violent detonation is produced by using phosphorus in- 
stead of charcoal. When a mixture of nitre and phosphorus 
is struck smartly with a hot hammer, a very violent detona- 
tion is produced.* 


Nitre oxidizes all the metals at a red heat, even gold and 
- platinum.+ 


The composition of nitre, according to the most exact ana- Composi- 


lyses hitherto made, is as follows: 


t § I 7 TF it §§ 
eee 45°92 .. 46-7 .. 51:86 .. 52 .. 53°54 .. 5434 ., 52-95 


BEAAG. 5 « oroca! 9408 .. 533 .. 48°64 .. 48 .. 46°46 .. 45°66 .. 47°05 
_ total....100 ae LOD omit BOO oi 100, .4¢100 -. 100 «100 


Nitre furnishes all the nitric acid in all its states employed 
either by chemists or artists. When burnt with tartar it yields 
a pure carbonate of potash. In the assaying of various ores 


it is indispensable, and is equally necessary in the analysis of 
many vegetable and animal substances. But one of the most 


important compounds formed by means of nitre is gunpowder, Gunpowder. 


which has completely changed the modern art of war. The 
discoverer of this compound, and the person who first thought 


* Brugnatelli, Ann, de Chim. xxvii. 74. 
_+ Tennant, Bergman, and Morveau. 
¢ Kirwan, Nicholson’s quarto Journal, iii. 215. 
§ Richter, Statique Chimique, p. 136. 
|| Berard, Ann. de Chim. Ixxi. 69. 
** Wenzel’s Verwandschaft, p. Ixxx. tt Wollaston. 


t{ By my analysis. §§ Theoretic composition. 
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Ursin I tain, however, that it was used in the 14th century. From 

certain archives quoted by Wiegleb, it appears that cannons 

were employed in Germany before the year 1372. No traces 

of it can be found in any European author previous to the 

13th century; but it seems to have been known to the Chinese 

long before that period. There is reason to believe that can- 

nons were used in the battle of Cressy, which was fought in 

1346. They seem even to have been used three years earlier 

at the siege of Algesiras; but before this time they must have 

been known in Germany, as there is a piece of ordnance at 

Amberg, on which is inscribed the year 1303. Roger Bacon, 

who died in 1292, knew the properties of gunpowder; but it 

does not follow that he was acquainted with its application to 
fire-arms.* 

Gunpowder is composed of nitre, sulphur, and charcoal, 

reduced to powder, and mixed intimately with each other. 

The proportion of the ingredients varies very considerably ; 

but good gunpowder may be composed of the following pro- 


portions. + 
Composi- 76 parts of nitre 
‘gai 15 charcoal 
9 sulphur 
100 


These ingredients are first reduced to a fine powder sepa- 
rately, then mixed intimately, and formed into a thick paste 
with water. After this has dried a little, it is placed upon a 
kind of sieve full of small holes, through which it is forced. 
By that process it is divided into grains, the size of which 
depends upon the size of the holes through which they have 
been squeezed. ‘The powder, when dry, is put into barrels, 
which are made to turn round on their axes. By this motion 
the grains of gunpowder rub against each other, their asperi- 
ties are worn off, and their surfaces are made smooth. ‘The 
powder is then said to be glazed. 


* See Watson’s Chemical Essays, vol. i. 327, for a full detail of the facts 
respecting this subject. From Barbour’s life of Robert Bruce, it appears _ 
that guns were used by the English for the first time about the year 1320. _| 

+ For a full detail of every thing respecting the proportions and manu- | 
facture of gunpowder, the reader is referred to a very interesting dissertation. | 
by Dr. Watson, Essays, ii, 1, and to Baumé’s Chemistry, i. 455. 
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Gunpowder, as is well known, explodes violently when a chap. 11. 
red heat is applied to it. This combustion takes place even 
in a vacuum; a vast quantity of gas is emitted, the sudden 
production of which is the cause of all the violent effects 
which this substance produces. ‘The combustion is evidently 
owing to the decomposition of the nitre by the charcoal and 
sulphur. The products are carbonic acid gas, azotic gas, 
sulphurous acid gas, and probably sulphuretted hydrogen. 
Mr. Cruickshanks has ascertained that no perceptible quan- 
tity of water is formed. What remains after the combustion 
is potash combined with a small portion of carbonic acid, sul- 
phate of potash, a very small proportion of sulphuret of pot- 
ash, and unconsumed charcoal.* This mixture soon attracts 
moisture, and the sulphuret which it contains enables it to act 
strongly on metallic bodies. 

When three parts of nitre, two parts of potash, and one Faiminating 
part of sulphur, all previously well dried, are mixed together °°" 
in a warm mortar, the resulting compound is known by the 
name of fulminating powder. If a little of this powder be 
put into an iron spoon, and placed upon burning coals, or 
held above the flame of a candle, it gradually blackens, and 
at last melts. At that instant it explodes with a very violent 
report, and a strong impression is made upon the bottom of 
the spoon, as if it had been pressed down very violently. 
This sudden and violent combustion is occasioned by the 
rapid action of the sulphur on the nitre. By the application 
of the heat, the sulphur and potash form a sulphuret, which 
is combustible at a lower heat probably than even sulphur. 
Sulphuretted hydrogen gas, azotic gas, and perhaps also sul- 
phurous acid gas, are disengaged almost instantaneously. It 
is to the sudden action of these on the surrounding air that 
the report is to be ascribed. Its loudness evidently depends 
upon the combustion of the whole powder at the same instant, 
which is secured by the previous fusion that it undergoes: 
whereas the grains of gunpowder burn in succession. 

A mixture of equal parts of tartar and nitre, deflagrated 
in a crucible, is known by the name of white flux. It is 
merely a mixture of carbonate of potash with some pure pot- 
ash. When two parts of tartar and one of nitre are defla- 
grated in this manner, the residuum is called black flux from 
its colour. [tis merely a mixture of charcoal and carbonate 


of potash. 
* Cruickshanks, Nicholson’s Journal, iv. 258. 
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Sp. 2. Nitrite of potash. Scheele’s process for obtaining 
this salt is as follows: filla small retort with nitre, and keep 
it red hot for half an hour. When it is allowed to cool, it is 
found in the state of a nitrite. It deliquesces when exposed 
to the air, and red vapours of nitrous acid are exhaled when 
any other acid is poured upon it. 

Sp. 3. Carbonate of potash. This salt has been long known to 
chemists; and before its composition was ascertained by Black, 
it was characterized by a great variety of names, according to 
the manner of preparing it; such as fixed nitre, salt of tartar, 
vegetable alkali, &c. Its properties were first described with 
precision by Bergman in 1774.* ‘There are two subspecies of 
it; namely the carbonate and bicarbonate. 

Subspecies 1. Bicarbonate. ‘This salt is formed by satu- 
rating potash with carbonic acid, which is best done by causing 
the gas to pass through a solution of potash till it refuses to 
ste any more. ‘The potash of commerce is an impure 
carbonate of potash: by distilling it with solid carbonate of 
ammonia, it may be converted into bicarbonate of potash. 
When potash is thus saturated with carbonic acid, it always 
lets fall a quantity of silica. Mr. Pelletier has proposed this 
saturation as the best method of purifying potash from the 
earth. 

It crystallizes, according to Bergman, in quadrangular 
prisms; the apexes of which are composed of two inverted 
triangles, converging like the roof of a house.t According 
to Pelletier they are tetrahedral rhomboidal prisms, with di- 
hedral summits. ‘The complete crystal has eight faces, two 
hexagons, two rectangles, and four rhombs.§ Tt has an alka- 
line, but not a caustic taste, and still gives a green colour to 
vegetable blues. Its specific gravity is 2°012.|| It is soluble 
at ‘the common temperature in about four times its weight of 
water.** Boiling water dissolves 2ths of its weight.++ ‘Alcohol 
even when hots does not disse above «hess part of it. 
Pelletier has observed, that when the crystallized salt is dis- 
solved in boiling water, bubbles of carbonic acid gas are 
emitted. It is not altered by exposure to the air. Heat de- 
prives it of its water and part of its acid, but does not decom- 
pose it completely. 


* Opusce, 1. 13. t Berthollet. { Bergman, 1. 13. 
§ Ann. de Chim. xv. 29, || Hassenfratz, Ann, de Chim, xxvii. 12 
** Bergman, ft. 13. tt Pelletier. 
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The constituents of this salt, according to the most accurate Chap... _ 


analyses hitherto made, are as follows: 


mi + t 
A enaw EO ae ete vie choles. xa 47°83 
Wee ee ee el kes OO ok Bae 
WSter oc. ET oes bb 


Total ?2i' 160 Sis 5 o LOO e208 100 @eeoe 100 


The crystals of this salt contain just 1 atom of water, so 
that they consist of 


Anhydrous salt ......... 91°09 
OY ter bolls he os adic 8°91 
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Subspecies 2. Carbonate. The potash of commerce always Prepara- 
On. 


occurs in this state; but its purity is destroyed by the mixture " 


of foreign substances. Pure carbonate of potash may be pro- 
cured by heating neutral bicarbonate, prepared by the process 
above described, to redness, in a silver or platinum vessel. 
A portion of the carbonic acid is driven off. The carbonate 
thus formed has a stronger alkaline taste, and acts with more 
energy on animal and vegetable substances, than the carbonate. 
When exposed to the air it soon deliquesces, and assumes the 
consistency of an oil. It does not absorb carbonic acid sensi- 
bly from the atmosphere ;, the excess of alkali cannot be re- 
moved by treating the salt with alcohol. Dr. Wollaston has 
shown that this salt contains exactly one half of the acid which 
exists in carbonate of potash.|} Hence it is composed of 


Carbonic acre 0) PP FB PO 66 
Paras Fe TOES PE FeO. egies 


According to the experiments of Berard it appears that 
this salt, when gently dried so as to be solid, is composed of 
1 atom anhydrous salt + 2 atoms water, or by weight of 


Anhydrous salt .....%..2. 79% 
WERE ss os ow gan doe eG 


The potash of commerce is always in the state of a carbonate; Composition 


but it contains likewise several foreign substances which render co esa 


* Kirwan, Nicholson’s Quarto Jour. iil. 215. 
t Pelletier, Ann. de Chim. xv. 33. 

¢{ Berard, Ann. de Chim. Ixxi. 69. 

§ Theoretic composition. 


|| Wollaston, on superacid and subacid Salts, Phil. Trans. 1808. 
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&. Borate, 


out a very ingenious method of detecting the quantity of alkali 
in any specimen, by the property which it has of precipitating 
alumina from alum; and Vauquelin has published a still 
simpler method, namely, the quantity of nitric acid of a given 
density necessary to saturate a given weight of the salt. From 
his experiments, we learn that the following kinds of this salt 
known in commerce contain the following ingredients.* 


s/t. ie,|28 

© aS ae 
& |es(sen/28/ee]e 

i?) es ae 

O 
Potash of Russia..c..<.ses “79|. 66| &|.56 | 954 \1b52 
AMeCIICA . oo a< 045 85711541 20} 2 111911152 
American Pearl-ash .......! 754] 80 4} 6 | 308 11152 


eee | come | ee eee Fe ee et ee 


Potash of Treves ........-/720|165| 44] 24 | 199 1152 


Dantzic.. 0.2 «| 603-| 1524 (144) 79.4304 12162 


Sp. 4. Borate of potash. ‘This salt, which was first formed 
by Baron, is very little known. It may be prepared by cal- 
cining a mixture of boracic acid and nitre. ‘The heat drives 
off the nitric acid, and leaves a white saline mass, which, when 
dissolved in water, yields crystals of borate of potash in four- 


sided prisms. It is capable of combining with an excess of 


base, and forming a sub-borate of potash. From the expe- 
riments of Wenzel, the proportion of its constituents seems 
to be+ 

Cid J, .'ssisis cine enn eee 

Ale, 5s ghee whe taiese nore 


Beratic acid. ij... 2:875 2200040100 
POAEN og ae sses i6iw ete bia ek COS 


* Ann. de Chim. xl. 273. 
t+ Verwandtschaft, p. 228. 
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The constituents of biborate of potash should be 


Boracic acid .... 2875 x2 .... 106 
Moments. 2... 6 wens TOS 


Hence it is obvious that Wenzel’s analysis is very erroneous. 
Berzelius attempted to determine the constituents of this salt 
experimentally, but could not succeed. 

Sp. 5. Silicate of potash. This is the compound known to 
chemists by the name of liquor silicum. It may be formed by 
fusing three parts of potash by weight with one part of silica. 
A transparent colourless liquid is formed, which on cooling 
congeals into glass. This glass is soluble in water, and the 
colourless solution is called liguor silicuwm. 

Silica seems capable of uniting with potash in a great num- 
ber of proportions. Glass may be considered as a super- 
silicate of potash, in which the proportion of silica is very 
considerable. 


433 


Chap. I. 


5. Silicate, 


Sp. 6. Phosphate of potash. Of this salt there are three 6. Phos 
subspecies, namely, the phosphate, the biphosphate, and sub-?™* 


phosphate of potash. 

Subspecies 1. Phosphate of potash. This salt may be ob- 
tained by adding carbonate of potash to hot phosphoric acid, 
till the solution ceases to produce any effect upon vegetable 
blues. When this solution is sufficiently concentrated, and 
set aside in a dry place it gradually deposites phosphate 
of potash in small transparent crystals. These crystals are 
four-sided prisms terminated by four-sided pyramids. The 
sides of the prism are all equal, and its angles right angles. 
Sometimes the intervening prism is wanting so that the crys- 
tals have the form of small octahedrons. This salt has a cool- 
ing and somewhat urinous taste, but neither strong nor dis- 
agreeable. It is not altered by exposure to the air, and contains 
no water of crystallization. It is very soluble in water, and 
melts into a liquid when exposed to a red heat. 

Subspecies 2. Biphosphate. This salt is easily formed by 
dissolving the neutral phosphate in phosphoric acid till the 
liquid is saturated. It crystallizes with great difficulty into 
striated prisms; assuming more readily the form of a jelly, and 
when the evaporation is carried farther, becoming dry alto- 
gether. Its specific gravity, when dry, is 2°8516.* It is 
exceedingly soluble in water; and when dry readily attracts 


* Hassenfratz, Ann. de Chim. xxviii. 12. 
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moisture from the atmosphere, and is converted into a viscid 


D is . e e 7 
iy 2 liquid. When heated, it first undergoes the watery fusion ; 


8. Hypo- 
phosphite. 


then allows its water of crystallization to evaporate, and is re- 
duced to dryness. In a high temperature it melts into a 
transparent glass, which deliquesces again when exposed to 
the air. 

Subspecies 3. Subphosphate. This salt may be formed by 
mixing together phosphate of potash and pure potash, and 
exposing them to a strong heat in a platinum crucible. A 
white coloured substance is obtained, which is the phosphate 
in question. Or we may boil any of the alkaline superphos- 
phates in a solution of potash. A white powder falls, which 
is the salt wanted. By this last process it was procured by 
Margraff. 

The phosphate of potash is tasteless and insoluble in cold 
water, but soluble in hot water; and it precipitates as the so- 
lution cools in a gritty powder. It is extremely fusible; melt- 
ing before the blow-pipe into a transparent bead, which be- 
comes opaque on cooling. It is soluble in nitric, muriatic, 
and phosphoric acids: the solutions are thick, glutinous, and 
adhesive. When sufficiently diluted, the alkalies occasion no 
precipitate in these solutions; but when they are concentrated, 
a precipitate appears. 

According to the analysis of Saussure, junior, its compo- 
sition is as follows: 

acid 35 
base 65 


100 * 


This salt has the property of combining, and of forming a 
triple insoluble compound with lime. , 

Sp. 7. Phosphite of potash. ‘This salt has not hitherto been 
examined in a state of purity. 

Sp. 8. Hypophosphite of potash. This salt is exceedingly 
soluble in water. It is more deliquescent than muriate of lime. 
It dissolves in alcohol in all proportions. When exposed to 
the air it gradually absorbs oxygen and becomes acid. When 
heated, phosphuretted hydrogen gas and some phosphorus are 
given out, and a quantity of phosphoric acid united to potash 
remains behind. + 


* Sur la Vegete, p. 321. 
+ Dulong, Ann. de Chim. et de Phys. 1. 142. 
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Sp. 9. Sulphate of potash. Of this salt there are two sub- 
species. ‘The first is neutral, the second is a bisulphate. 

Subspecies 1. Sulphate. This salt may be formed by satu- 
rating diluted potash with sulphuric acid, and then evaporating 
the solution gently till crystals appear. It seems to have been 
known at a very early period by chemists, and a great variety 
of names are given to it, according to the manner of forming 
it, or the fancy of the operator. Some of these names were, 
specificum purgans, nitrum firum, arcanum duplicatum, panacea 
holsatica, sal de duobus, sal polychrest glaseri, &c.; but it was 
commonly known by the name of vitriolated tartar, till the 
French chemists called it sulphate of potash, when they formed 
their new nomenclature in 1787.* 

Sulphate of potash, or perhaps the bisulphate, was dis- 
covered by examining what remained in the retort after the 
preparation of nitric acid, by distilling a mixture of sulphuric 
acid and nitre. It was the salt obtained from this residuum 
that was called panacea duplicata, or arcanum duplicatum. The 
Duke of Holstein, sometime before the year 1663, purchased 
the preparation of this salt for 500 dollars as a remedy in 
fevers, stone, and scurvy.+ ) 

When the solution of sulphate of potash is sufficiently di- 
Inted, it affords by evaporation hexahedral pyramids, or short 
hexangular prisms, terminated by one or more hexangular 
pyramids. But these crystals vary much in their figure, ac- 
cording to the care with which they are prepared. 

It has a very disagreeable bitter taste. Its specific gravity, 
according to Wallerius, { is 2°298; according to Hassenfratz, 
2°4073.3 § according to Watson, 2°636. || At the temperature 
of 60° it dissolves in 16 times its weight of water: in a boil- 
ing heat it is soluble in five times its weight.** When it is 
boiled in water, that liquid dissolves 0°242 parts, or nearly ith 
of its weight of it.++ 

It suffers no alteration when éxposed to the air. When 
placed upon burning coals, it decrepitates, but suffers no 
other alteration. In a red heat it melts, and loses 14. per cent. 


* Bergman called it alkali vegetabile vitriolatum, and Morveau vitriol of 


potash. 
+ Shaw’s Boyle, i. 64. { Chemistry, p. 265. 
§ Ann. de Chim, xxviii. 12. || Chemical Essays, v. 67. 
** Bergman, i. 135. tt Wenzel’s Verwandschaft, p. 310. 
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of its weight. It is sometimes luminous in the dark, as Mr. 


Di U. 
vision TT. Cs Obert ae observed.* 


Constitu- 
ents. 


1 1M Sul- 
phite. | 


Its component parts, according to the best analyses hitherto 
published, are as follows: 


gener ef air inter ylieeecotnae 
Neate APO 8. PASS. 45'S. Be gE 1 Ss Bore 
Base SUG, Me PMI GEE", MOP26" Tore ., on oe 


eee — ee eee ee a 


100°00 =: 100°0 100°0 100°00  100°0 100°00 


It contains no water of crystallization. 

Subspecies 2. Bisulphate. This salt may be prepared by 
heating together a mixture of 3 parts of sulphate of potash 
and 1 part of sulphuric acid. It was first distinguished from 
the first variety by Rouelle senior. 

It usually crystallizes in long slender needles, but it may 
be obtained in six-sided prisms. Its taste is acrid, and it red- 
dens vegetable blues. It is soluble in five parts of water at 
the temperature of 60°.{{ It is scarcely altered by exposure 
to the air. When heated it melts readily and assumes the ap- 
pearance of Oikyggpmt.it becomes as white as ever when allowed 
to cool. A verge violent and long continued heat dissipates 
the excess of acid, and converts it into sulphate. Dr. Wollaston 
has shown, that this salt contains just twice as much acid as 
the sulphate. §§ 

Sp. 10. Ammonio-sulphate of potash. ‘This salt, which was 
first described by Link, may be formed by saturating the super- 
sulphate of potash with ammonia. ‘The crystals are brilliant 
plates, having a bitter taste, and not altered by exposure to 
the air. They are composed of 


60 sulphate of potash 
40 sulphate of ammonia 


Eee 


100 ||| 


Sp. 11. Sudphite of potash. ‘This salt was formed by Stahl, 
but was first accurately described by Berthollet, Fourcr oy, and 


* Ann. de Chim. x. 40. + Berard, Ann. de Chim. Ixxi, 47. 
{ Kirwan, Nicholson’s 4to Journal, iii. 215. 

§ Wenzel, Verwandtschaft, p. 54. || By my analysis. 

** Berzelius, Ann. de Chim. Ixxvii. 84. { Theoretic composition. 
{tt Link, Crell’s Annals, 1796, 1. 26. 

§§ On superacid and subacid salts. Phil. Trans. 1808. 

(||| Link, Crell’s Annals, 1796, 1. 29. 


SALTS OF POTASH. 


4:37 


Vauquelin. It was formerly known by the name of sulphureous chap. 11. 


salt of Stahl. It may be formed by passing sulphurous acid 
into a saturated solution of carbonate of potash till all effer- 
vescence ceases. ‘The solution becomes hot, and crystallizes 
by cooling.* 


Its crystals are white and transparent: their figure, that of properties. 


rhomboidal plates. Its crystallization often presents small 
needles diverging from a common centre.} Its specific gra- 
vity is 1°586.t Its taste is penetrating and sulphureous. At 
the common temperature of the atmosphere it is soluble in 
its own weight of water, but much more soluble in boiling 
water. When exposed to the air, it scarcely changes its ap- 
pearance, loses about 2 per cent. of its weight, and then is 
gradually, but very slowly, converted into sulphate of potash. 
When exposed to a sudden heat, it decrepitates, loses its 
water and a portion of its acid; then a quantity of sulphur is 
disengaged from the remaining acid, and the residuum is sul- 
phate of potash, with a slight excess of alkali. Nitric acid 
converts it into sulphate of potash by imparting oxygen. So 
does chlorine, but imperfectly, as it drives off a portion of its 
acid unchanged. 

It decomposes the oxides of gold, silver, mercury, the red 
oxide of lead, the black oxide of manganese, and the brown 
oxide of iron. When the green hydrate of iron, or the white 
oxide of arsenic, is boiled with it in water, and an acid added, 
a precipitate takes place, consisting of these oxides united to 
some sulphur, and the salt is converted into a sulphate; at 
the same time sulphuretted hydrogen gas is emitted. It is 
composed of 


Sulphurous acid .... 4 .... 40 .... 100 
Ey ORAS Snot cate bBo hie 6 eds, GOr.0d ata ESO 


Sp. 12. Hyposulphite of potash. This salt is easily formed 
by exposing hydroguretted sulphuret of potash to the atmo- 
sphere till it loses its yellow colour. The liquid is then a 
solution of hyposulphite of potash. When sufficiently con- 
eentrated it crystallizes in a confused mass of spicule. It 
has a penetrating taste like nitre, succeeded by a bitterness, 
and is very deliquescent. The deliquiated salt crystallizes in 
fine needles by a slight diminution of temperature. By the 


* Fourcroy and Vauquelin, Nicholson’s Journal, i, 317. 
+ Ibid. { Hassenfratz, Ann. de Chim. xxviii. 12. 
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action of a graduated heat it boils down toa dry white mass, 
then takes fire and burns much like a piece of tinder, but 
with a weak blue flame. It dissolves chloride of silver, even 
when very dilute, with great readiness.* 

Sp. 13. Hyposulphate of potash crystallizes in cylindroidal 
prisms, terminated by a plate perpendicular to their axis.+ 

Sp. 14. Seleniate of potash. Potash combines with three 
proportions of selenic acid, forming neutral seleniate, bisele- 
niate, and quadriseleniate. 

(1.) Seleniate of potash is exceedingly soluble in water. 
When concentrated sufficiently, the surface becomes covered 
with a crystalline pellicle. When evaporated to dryness, the 
salt attracts moisture from the atmosphere. At a red heat it 
melts and becomes yellow; but recovers its white colour on 
cooling. It is insoluble in alcohol. 

(2.) Biseleniate of potash crystallizes (with difficulty) when 
sufficiently concentrated. The crystals are feather-shaped. 
It deliquesces when exposed to the air and dissolves in a small 
proportion in alcohol. When long exposed to heat, one half 
of the acid is driven off and it is reduced to neutral seleniate. 

(3.) The quadriseleniate of potash does not crystallize, and 
when evaporated to dryness speedily deliquesces again.{ 

Sp. 15. -Arseniate of potash. Of this salt there are two sub- 
species, the arseniate and the swb-binarseniate. 

(1.) Arseniate. This salt was first formed by Macquer ; 
and for that reason was long distinguished by the name of 
arsenical neutral salt of Macquer. He obtained it by distilling 
in a retort a mixture, consisting of equal parts of white oxide 
of arsenic and nitre. After the distillation, the white saline 
mass, which remained in the retort, was dissolved in hot water 
and filtered. When properly evaporated, beautiful transparent 
crystals of arseniate of potash are obtained.§ 

Scheele first ascertained the composition of this salt, by 
discovering that it was obtained by adding arsenic acid to the 
sub-binarseniate of potash till the solution ceases to alter the 
colour of syrup of violets. It then reddens the infusion of 
turnsole, and vields by evaporation fine crystals of Macquer’s 
neutral salt. 


* Herschell; Edin. Phil. Jour. i. 19. 

+ Annals of Philosophy, xiv. 355. 

t Berzelius; Ann. de Chim. et de Phys. ix. 257. 
§ Mem. Par. 1746, p. 223. 
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This salt is white and transparent, and crytallizes in four- 
sided rectangular prisms, terminated by very long four-sided 
pyramids. It has a saline and cooling taste, somewhat similar 
to that of nitre. It is not altered by exposure to the air. 
Specific gravity 2°638. It may be kept in a heat of 550° for 
a considerable time without melting or undergoing any sen- 
sible change. In a red heat it melts and becomes as liquid as 
water. The congealed salt is opaque or only translucent, By 
this treatment it loses 7°5 per cent. of its weight. 

It is insoluble in alcohol. 100 parts of water at the temper- 
ature of 42 dissolve 19°047 parts of the salt. The specific 
gravity of this solution (at 60°) is 1:1184, It is much more 
soluble in hot than in cold water. Hence a saturated solution 
in hot water crystallizes very readily on cooling. ‘The con- 
stituents of this salt, by my analysis, are as follows: 


Arsenic acid ...'. 65°426 ....:. 14°5 

Potasly <. ck coe. DOG Se Be PALS 6°0 

Water tes wees TOO cartes 1°6875 
100°000 


or 1] atom acid + 1 atom potash + 12 atom water.* 

(2.) Sub-binarseniate. When arsenic acid is supersaturated 
with potash, it forms an incrystallizable salt, which deliquesces 
in the air, renders syrup of violets green, but does not alter 
the infusion of turnsole. When heated in a clay crucible, it 
is partly converted into a white glass, and partly changed into 
arseniate of potash. When mixed with one-eighth of its 
weight of charcoal powder, and distilled in a retort, it swells 
and bubbles up violently, evidently in consequence of the dis- 
engagement of carbonic acid gas, and at the same time a 
quantity of arsenic is sublimed: the residuum is merely car- 
bonate of potash and charcoal. 

Sp. 16. Arsenite of potash. A, yellow viscid liquid which 
does not crystallize. Formed by saturating potash solution 
with arseneous acid. 

Sp. 17. Antimoniate of potash. ‘This salt may be obtained 
by exposing a mixture of 1 part of powdered antimony and 
6 parts of nitre to the greatest heat which it can bear without 
fusion. It is then to be reduced to powder and washed with 
cold water till all the alkali and nitre are dissolved. ‘The an- 


* Annals of Philosophy, xv. 35. 
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timoniate of potash now remains. It is a white powder hav- 
ing an acrid and slightly metallic taste. It is scarcely soluble 
in cold water, but ‘dissolves readily in boiling water. This 
solution Jets fall nothing on cooling. When evaporated to the 
consistency of a syrup, it deposites a white granular and very 
light powder. If the liquid be evaporated to the consistence 
of honey the whole congeals during cooling into a semitrans- 
parent pliable crust. When evaporated to dryness it leaves 
a white enamel, which is brittle and cracked in every direc- 
tion, This salt contains 114 per cent. of water. It is very 
difficult to decompose it. According to the experiments of 
Berzelius it is composed of 


abomonte acid... TOO e. . 100 
Desh esate nyest ZOO ca, Oe 


From this analysis it follows that the salt is a tritantimoniate, 
or a compound of 3 atoms acid with 1 atom potash.* 

Sp..18. Antimonite of potash. Berzelius formed this salt 
by fusing together white oxide of antimony and caustic potash. 
Fle then washed off the potash by means of cold water, and 
dissolved the powder that remained in boiling water. This 
water when evaporated yields the salt in a state of purity. Its 
properties are very similar to those of antimoniate of potash, 
According to the analysis of Berzelius, it is composed of 


Antimonious acid .... 76°6 .... 100 
Ae@tas ly <ptiy cla, sears UOU ak oe aie 


This agrees nearly with the supposition, that it is a compound 
of 1 atom acid + J] atom potash, if the weight of an atom of 
antimonious acid be 20-875, as we have found it to be.+ 

Sp. 19. Chromate of potash. This salt Has hitherto been 
examined only by Vauquelin ¢ and John.§ There are two 
subspecies of it. 1. The neutral chromate, of a lemon yellow 
colour, which crystallizes in flat four-sided prisms gradually 
tapering to a point. I find that it precipitates 


Pernitrate of mercury .... yellow 
Nitrate of silver ........ brick-red 
Nitrate of copper ........ pea-green 


* Berzelius, Nicholson’s Journal, xxxy. 38, + Ibid. 44. 
} Ann. de Chim. Ixx. 70. | 
§ Annals of Philosophy, iv. 425. 
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2. The bichromate, which is a beautiful orange-red crystalline chap. 1. 
powder. It is not nearly so soluble in water as the chromate. 

Sp. 20. Molybdate of potash. ‘This salt may be formed 20. Molyb- 
either by uniting directly its acid and base, or by heating two 
parts of nitre and one of molybdic acid in a crucible, and 
lixiviating the mass obtained. The solution crystallizes by 
evaporation in small rhomboidal plates inserted into each other. 
They are bright, and have a metallic taste. When exposed 
to the blow-pipe upen charcoal, they melt without swelling, 
and are converted into small globules, which are quickly ab- 
sorbed by the charcoal. When melted with a mixture of 
phosphate of soda and of ammonia (or microcosmic salt), they 
communicate a green tinge. Hot water dissolves them com- 
pletely, and prussiate of potash occasions in this solution a 
reddish brown precipitate.* All the strong acids precipitate 
the molybdic acid from solutions of this salt. 

Sp. 21. Tungstate of potash. This salt may be formed by 21. Tung- 
dissolving oxide of tungsten in the solution of potash or car- “"" 
bonate of potash. The solution always retains an excess of 
potash, refusing to dissolve the ‘oxide before the alkali be 
completely neutralized. By evaporation the tungstate of pot- 
ash precipitates in the state of a white powder. 

This salt has a metallic and caustic taste 3 it is soluble in 

water, and very soon deliquesces when exposed to the air. 
Its solution in water is decomposed by all the acids: they oc- 
casion a precipitate composed of the oxide, potash, and the 
acid employed. ‘This precipitate or triple salt is the molybdic 
acid of Scheele. 

Sp. 22. Nitro-tungstaie of potash. These tungstates are ca- 
pable of combining with a number of acids, and forming with 
them a particular kind of neutral salts which have not been 
particularly examined, if we except nitrated tungstate of potash, 
which is the salt originally described by Scheele under the 
name of acid of tungsten. f 

This salt is obtained in the form of a white powder; it has 
an acid and bitter taste, reddens the infusion of turnsole, and 
is soluble in 20 parts of boiling water. The De Luyarts first 
showed it to be a compound of nitric acid, oxide of tungsten, 
and potash. 


- 


* Klaproth, Ann. de Chim. vlii. 106. 
+ Vauquelin and Hecht, Jour. de Min. No. 19, p. 20. 
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Sp. 23. Columbate of potash. When columbic acid is boiled 
in a solution of potash, a portion of it is dissolved, and the so- 
lution yields by evaporation a white glittering salt in scales, 
very much resembling boracic acid. Its taste is acrid and dis- 
agreeable. It is not altered by exposure to the air. Cold 
water dissolves it sparingly ; but the solution is colourless and 
permanent. The acid is precipitated by nitric acid, and other 
acids, in the state of a white powder.* | 

Sp. 24. Acetate of potash. Pliny is supposed, but proba- 
bly without any reason, to have been acquainted with this salt, 
because he recommends a mixture of vinegar and vine-ashes 
as a cure for a particular species of tumor.t It was first clearly 
described by Raymond Lully. It has received a great number 
of names; as, for instance, arcanum tartari, secret foliated earth 
of tartar, essential salt of wine, regenerated tartar, diuretic salt, 
digestive salt of Sylvius. It is usually formed by dissolving car- 
bonate of potash in distilled vinegar, and evaporating the solution 


to dryness in a moderate heat. The solution when concentrated 


ought to be filtered through animal charcoal, provided dis- 
tilled vinegar has been employed in its preparation.{ By this 
process it is obtained in fine white plates. By a well ma- 
naged evaporation it may be procured in regular prismatic 
crystals. This salt has a sharp warm taste. _ At the tempera- 
ture of 60°, 100 parts of it are soluble in 102 parts of water.§ 
It is soluble also in alcohol. When exposed to the air, it 
deliquesces rapidly. When heated, it readily melts, and in a 
high temperature its acid is decomposed. A liquid passes 
over into the receiver, which sometimes contains a consider- 
able portion of ammonia and prussic acid. What remains in 
the retort consists of charcoal mixed with the carbonates and 
prussiates of potash. || ‘The presence of ammonia and prussic 
acid in the products of distillation of this salt led Proust to 
consider azote as one of the constituents of acetic acid. But 
Trommsdorf and Proust himself have since shown that pure 
acetate of potash yields neither ammonia nor prussic acid.** 
When distilled along with white oxide of arsenic, it yields, 


* Hatchett’s Analysis of a Mineral from North America. Phil. Trans. 


1802. 
+ Plinii, lib. xxiii. procemium. 
t+ Fequier, Ann. de Chim. Ixxxvi. 44. § Speilmann. 


|| Proust, Ann. de Chim. xli. 231. ** Ann. de Chim. Ixi. 111. | 
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according to Cadet, a white smoke, which has an odour in- Chap. 1. 
tolerably offensive, and takes fire when it comes into contact 
with the air. 

The following table exhibits the constituents of this salt 
according to the experiments hitherto made: 


BOM per SS te AEOG. ox, 40°85 .,... BLS? cig 
PAG OP Ss a STO... is BOLD: ac «48°48 


—S oe 


Total....100°0.... 100°00....100°00....100°00 


Sp. 25. Benxoate of potash. There are two subspecies of 95. penzo- 
this salt. 1. Neutral benzoate which crystallizes in feather-*™ 
shaped crystals. It has a sharp saline taste, is very soluble 
in water, and deliquesces when exposed to the air. 2. Biben- 
zoate. It crystallizes in small plates and needles, which re- 
quire ten times their weight of cold water to dissolve them. It 
reddens vegetable blues, and has an acid and sweetish taste. 
When heated to redness part of the acid sublimes without de- 
composition, but part likewise is destroyed. An empyreumatic 
oil is formed, and some charcoal remains mixed with carbo- 
nate of potash. || 

Sp. 26. Succinate of potash. This salt, according to Leon- 26. succi- 
hardi and Stockar, crystallizes in three-sided prisms. It has ™ 
a bitter saline taste, is very soluble in water, and deliquesces 
when exposed to the air. When exposed to heat, it decrepi- 
tates and melts; and ina strong heat is decomposed. 

Sp. 27. Camphorate of potash. To prepare this salt, car- 97. cam- 
bonate of potash is to be dissolved in water, and the solution ?*™* 
saturated with camphoric acid. When the effervescence is 
over, the liquor is to be evaporated by a gentle heat to the 
proper consistence, and crystals of camphorate of potash will 
be deposited when the liquor cools. Camphorate of potash 
is white and transparent; its crystals are regular hexagons, 

Its taste is bitterish and slightly aromatic. 

Water at the temperature of 60° dissolves —..th part of its 
weight of this salt; boiling water dissolves th part of its 
weight. It is soluble in alcohol, and the solution burns with 


* Higgins On Acetous Acid, p. 8. 

+ Richter, Statique Chimique, i. 136. 

{ Wenzel, Verwandtschaft, p. 147. _§ Theoretic composition. 
|) Bucholz, Ann. de Chim. Ixxxiv. 311. 
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a deep blue flame. When exposed to a moist air, it loses a 
little of its transparency ; but in dry air it suffers no change. 
When exposed to heat it melts, swells, and the acid is vola- 
tilized in a thick smoke, which has an aromatic odour. Before 
the blow-pipe it burns with a blue flame, and the potash re- 
mains behind in a state of purity.* 

Sp. 28. Boletate of potash. Described in p. 157 of this vol. 

Sp. 29. Suberate of potash. ‘This salt ought to be formed 
by means of crystallized carbonate of potash. It crystallizes 
in prisms, having four unequal sides. It has a bitter saltish 
taste, and it reddens vegetable blues. It is very soluble in 
water. Heat melts it, and at last volatilizes the acid.+ 

Sp. 30. Oxalate of potash. Of this salt there are three sub- 
species, the oxalate, binoxalate, and quadroxalate. 

Subspecies 1. Oxalate. 'This salt is easily formed by dis- 


solving potash in oxalic acid; but the solution does not readily ~ 


crystallize unless there be a slight excess either of the acid or 
the base. <A solution, composed of two parts of carbonate of 
potash, dissolved in one part of acid, yields six-sided prisms, 
not unlike the crystals of oxalic acid. These crystals fall to 
powder when heated. They give a green tinge to litmus 
paper, but they redden tincture of litmus and syrup of 
violets.f 

When neutral, this salt crystallizes in flat, oblique four- 
sided prisms, commonly terminated by dihedral summits; the 
lateral edges of the prism are usually bevelled. Its taste is 
cooling and bitter. At the temperature of 50°, 100 water dis- 
solve 45 of salt. When dried on the sand bath, and afterwards 
exposed in a damp place, it absorbs a little moisture from the 
atmosphere. 


Subspecies 2. Binoxalate. This salt exists ready formed in 


oxalis acetosella, or wood-sorrel, and in the rwmex acetosa ; 


from which it is extracted in some parts of Europe in great | 


quantities. Hence it is known by the name of salt of wood- 
sorrel, and in this country is sold under -the name of essential 
salt of lemons. It is mentioned by Duclos in the Memoirs of the 
French Academy for 1668. Margraff first proved that it con- 
tained potash; and Scheele discovered its acid to be the oxalic. 
A great many interesting experiments had been previously 
made on it by Wenzel and Wiegleb. 


* Bouillon Lagrange, Ann. de Chim. xxvii. 24. 
+ Ann. de Chim. xxii. 52. { Bergman, 1. 260. 
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It may be formed, as Scheele has shown, by dropping pcot- chap. 1. 


ash very gradually into a saturated solution of oxalic acid in 
water : as soon as the proper quantity of alkali is added, the bin- 
oxalate is precipitated. But care must be taken not to add too 
much alkali, otherwise no precipitation will take place at all.* 
Its crystals are small white parallelopipeds;+ or rather rhom- 
boids approaching cubes. It has an acid, pungent, bitterish taste. 
It is soluble in about ten times its weight of boiling water, but 
much less soluble in cold water. It is not altered by expo- 
sure to the air. Heat decomposes it. The salt is capable of 
combining with most of the alkalies and earths, and of form- 
ing with them triple salts which have not been accurately ex- 
amined. Dr. Wollaston has shown that it contains exactly 
double the proportion of acid which oxalate of potash contains.t 

Subspecies 3. Quadroxalate. This subspecies was discovered 
by Dr. Wollaston. When nitric or muriatic acids are made 
to act upon binoxalate of potash, they deprive it of one half of 
its alkali. ‘There remains behind an oxalate containing ex- 
actly four times the proportion of acid that exists in oxalate of 
potash. Hence the name given it by Dr. Wollaston. This 
salt may be purified by a second crystallization. Its crystals 
are octahedrons having both their apexes truncated pretty 
deeply. Uf three parts of it be decomposed by’ a red heat, 
and the alkali thus evolved be added to 1 part of the quadroxa- 
late, it will just convert it into a neutral oxalate. 

Oxalate of potash ought to be composed of 

; Oxalic acid ..... PES VEN 0108 

Poser, 2. be eh OGY LUMA, Fb19G9 93 

In my analysis I obtained 100 acid + 122°86 potash. But 
the acid which I used contained some water, which destroyed 
the accuracy of the conclusions. Berard’s analysis is much 
more erroneous than mine.|| Vogel of Bayreuth obtained 

ACG ene LOO 


which is very near the truth.** 
Of these three subspecies the quadroxalate is by far the most 
beautiful. Both it and the binoxalate crystallize very readily. 


* Crell’s Annals, i. 107. Eng. Transl. t Romé de Lisle. 

¢ By the analysis of Vogel of Bareuth, it contains 12-63 per cent. of 
water. ‘The crystals, therefore, are composed of 1 atom anhydrous binoxa- 
late and 2 atoms water. 

§ Wollaston, on superacid and subacid salts. Phil.. Trans. 1808. 

lj Ann. de Chim, Ixxiil. 269. ** Annals of Philosophy, v. 30. 
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Sp. 31. Mellate of potash. When mellitic acid is neutral- 
ized by potash, the solution crystallizes in long prisms.* The 
acid appears capable of combining with this salt, and forming 
a supermellate of potash: for when the mellite (or native mel- 
late of alumina) is decomposed by carbonate of potash, and 
the alkaline solutions mixed with nitric acid, crystals are ob- 
tained, consisting of mellitic acid combined with a small por- 
tion of potash.+ 

Sp. 32. Tartrate of potash. Of this salt there are two sub- 
species. The first, which contains 2 atoms acid to one of pot- 
ash is usually called tartar ; the second, which is neutral, was 
formerly distinguished by the name of soluble tartar, because 
it is much more soluble in water than the first variety. 

Subspecies 1. Bitartrate of potash. This salt is obtained, in 
a state of impurity, incrusted on the bottom and sides of casks 
in which wine has been kept. It is afterwards purified by 
dissolving it in boiling water, and filtering it while hot. On 
cooling, it deposites the pure salt in very irregular crystals. 
In this state it is sold under the name of crystals or cream of 
tartar. This salt attracted the peculiar attention of chemists, 
probably in consequence of the extravagant encomiums and 
invectives bestowed on it by Paracelsus. It is called tartar, 
says he, because it produces the oil, water, tincture, and salt, 
which burns the patient as hel/ does. According tv him, it is 
the principle of every disease and every remedy, and all things 
contain the germ of it. ‘This ridiculous theory was combated 
by Van Helmont, who gives a pretty accurate account of the 
formation of tartar in wine casks.t It was known to Van 
Helmont, and even to his predecessors, that potash could be 
obtained from tartar ; but it was long a disputed point among 
chemists, whether that alkali existed in it ready formed. Du- 
hamel, Mareraff, and Rouelle, at last established that point 
beyond a doubt; but the other component part of tartar was 
unknown, or very imperfectly known, till Scheele pointed out 
the method of extracting it. 

The crystals of tartar are very small and irregular. Ac- 
cording to Monnet, they are prisms, somewhat flat, and mostly 
with six sides. Dr. Wollaston, to whom I gave some pretty 
large fragments of crystals of tartar, was good enough to in- 


* Klaproth’s Beitrage, i. 131. 
+ Vauquelin, Ann. de Chim. xxxvi. 209. 
t Tartar: Vini Historia, Van Helmont, p. 224. 
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vestigate the primitive form of the crystals of this very difficult chap. 1. 
salt. He considers it as a prism, the section of which is a 
rectangle, having its sides nearly as 8 to 11, terminated at 
each end by dihedral summits placed transversely, so that the 
sides of one summit meet in one diagonal and the sides of the 
opposite meet in the other at angles of 791°. This constitutes 
a form to which all the modifications of the salt may be re- 
ferred, and from which they may be calculated. If we con- 
ceive the sides of this prism shortened till they are reduced to 
nothing, the summits will then form a scalene tetrahedron, the 
sides of which are four similar triangles inclined to one another 
at angles of 791°, 77°, and 531°. If this tetrahedron be 
moved in the direction of its shortest diagonal, it describes the 
first prism, and the splits of that prism are the planes described 
by all the edges of the tetrahedron. 

Tartar has an acid, and rather unpleasant taste. It is very properties. 
brittle, and easily reduced to powder. Its specific gravity is. 
1°953.* It is soluble in about 60 parts of cold water. When 
boiled in water, the liquid takes up nearly —4,th part of the 
salt.; It is not altered by exposure to the air; but when its 
solution in water is allowed to remain for some time, the salt 
is gradually decomposed, a mucous matter is deposited, 
and there remains in solution carbonate of potash coloured 
with a little oil. This decomposition was first accurately de- 
scribed by Berthollet in 1782.t 

When tartar is heated, it melts, swells, blackens, and the 
acid is entirely decomposed. The same changes take place 
when the salt is distilled in close vessels. The phenomena of 
this distillation have been described with great care, and its 
products very attentively examined by chemists; because, 
before the discovery of the tartaric acid by Scheele, distilla- 
tion was the only method thought of for obtaining any know- 
ledge of the acid part of tartar. These products are an enor- 
mous quantity of gas, consisting of carbonic acid and carbu- 
retted hydrogen, an oil, and an acid; and, according to some 
chemists, carbonate of ammonia. The acid obtained is called Pyro-tartar- 
pyrotartaric acid. ic acid. 

The tartar of commerce is never quite pure. All the speci- 
mens which I had an opportunity of examining contained ra- 
ther more than 5 per cent. of tartrate of lime. A number of 


* Hassenfratz, Ann. de Chim. xxviii. 12. 
t Wenzel, Verwandtschaft, p. 311, t Mem. Par. 
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specimens were examined by Vauquelin and: Boullays they 
found the tartrate of lime to vary from. 5 to 6 per cent.* 

Subspecies 2. Tartrate of potash. This salt is usually pre- 
pared by adding at intervals tartar in powder to a hot solution 
of carbonate of potash till all effervescence ceases. ‘The solu- 
tion is then boiled for some time, and afterwards evaporated 
till a pellicle forms on its surface. On cooling, the tartrate of 
potash crystallizes in flat four-sided rectangular prisms, termi- 
nated by dihedral summits. This salt has an unpleasant 
bitter taste. Its specific gravity is 1°5567.+ According to 
Wenzel, it is soluble in its own weight of water at the tempe- 
rature of 50°, and still more soluble in hot water.{ When 
heated it melts, swells up, blackens, and is decomposed. It 
contains just half the proportion of acid which exists in tartar. 
The composition of this salt, according to the most accurate 
analyses hitherto made, is as follows: 


| § I an 
Ahead oie. 258 ah « OOO ackee DOU 
Pace |. 4. ¢@ BO, imn, Wee a 


100 100°00 100°00° 


Sp. 33. Tartrate of potash-and-ammonia. This triple salt 
may be formed by pouring ammonia into supertartrate of pot- 
ash. Its crystals, according to Macquer, are prisms with four, 
five, or six sides: according to the Dijon academicians, paral- 
lelopipeds, with two alternate sloping sides. | 

It has a cooling taste. It is soluble enough in water. It 
effloresces in the air. Heat decomposes it. 

Sp. 34. Citrate of potash. This salt may be formed by dis- 
solving carbonate of potash in citric acid, and evaporating 
the solution to the requisite consistency. It is very soluble in 
water; does not crystallize easily ; and readily deliquesces when 
exposed to the air. It is composed, according to Vauquelin, of 


55°55 acid 
AA 45 potash 


100:00 tf 


* Ann. de Chim. lxu. 41. + Hassenfratz, Ann. de Chim. xxvii, 12. 
t Verwandtschaft, p. 308. § By my analysis. 


|| Berzelius, Ann. de Chim. Ixxxil. 30. 
** Theoretic composition. tt Fourcroy, vil. 207. 
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Its true composition is 
Bee SPS 5S°13 
LL) SS Sg Adee a 44°87 
100°00 


which agrees very well with the analysis of Vauquelin. 

This salt, or rather its solution in water, is often employed 
in this country as a medicine to allay sickness, and put a stop 
to vomiting. 

Sp. 35. Kinate of potash. Unknown. ? 

Sp. 36. Saclactate of potash. Small crystals soluble in eight 
times their weight of boiling water.* — 

Sp. 37. Urate of potash. A white powder nearly similar to 
uric acid in appearance and solubility. It is soluble in pot- 
ash ley. 

Sp. 38. Laccate of potash. Unknown. 

Sp. 39. Malate of potash. A deliquescent and a very soluble 
salt. It does not crystallize. The bimalate forms permanent 
crystals soluble in water, but insoluble in alcohol.+} 

Sp. 40. Lactate of potash. This salt may be obtained by 
adding laetate of lime to a warm solution of carbonate of pot- 
ash till the alkali is saturated. It forms when evaporated to 
dryness a gummy, yellowish brown, transparent mass, which 
cannot easily be made hard. It dissolves readily when pure 
in hot alcohol. When sulphuric acid is poured upon this salt, 
no smell of acetic acid is given out; but when heat is applied 
to the mixture a disagreeable pungent smell may be perceived. 
The smell is observed when sulphuric acid is heated with any 
animal substance. 

The composition of the salts of potash may be determined 
by conceiving them to consist of an atom of potash united to 
an atom of each of the acids. Potash weighs 6, and the 
weight of the acids has been given in a preceding part of this 
volume. In the bisalts the potash is united with two atoms of 
acid. In the subsalts an atom of acid is united to two atoms 
of potash. 

Of all the salts of potash the most useful are the carbonate, 
the nitrate, and the tartrate. 


* Scheele on Sagar of Milx. 
¢ Donovan. 
t Berzelius, Djurkemien, ii. 435. 
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1. In general the salts of soda are much more soluble in 
water than the salts of potash. Many of the salts of potash 
contain no water of crystallization, but most of the salts of soda 
contain a great deal. 

2. When exposed to a red heat they usually speedily melt 
into a liquid, in consequence of the great quantity of water 
which they contain. If the heat be continued the water is 
driven off, and the salt converted into a white powder. When 
the heat is urged farther, if the acid be of a combustible nature, 
it is destroyed ; if it be volatile, it is driven off; but if it be fixed, 
the salt melts again at a red heat, and continues in a liquid 
state as long as the temperature is kept up. The salt, on 


cooling, is in the state of an opaque white mass, and is usually 


destitute of water. 

3. No precipitate is produced in solution of salts of soda by 
tartaric acid, or nitromuriate of platinum; nor does sulphate 
of alumina added occasion the formation of octahedral crystals 
of alum: nor is any precipitate produced by infusion of nut- 
galls or ferro-chyazate of potash, except when the basis of the 
acid happens to be a metal. 

4. One of the easiest methods of ascertaining whether the 
base of a given salt be soda, is to determine the shape of the 
crystals which it forms. If it does not shoot into regularcrystals, 
separate the acid by means of sulphuric or nitric acid, and let 
the new formed salt crystallize. Sulphate or nitrate of soda 
are easily recognized by the figure of their crystals. 

Sp. 1. Niirate of soda. This salt was obtained at first by 
distilling a mixture of common salt and nitric acid in a retort, 
dissolving the residue in water, and evaporating. It was called 
cubic nitre, and is occasionally mentioned by the chemical 
writers of the early part of the last century; but it was Mar- 
graff who first analyzed it, pointed out the method of procur- 
ing it in a state of purity, and described its properties with ac- 
curacy.* His experiments were afterwards repeated by Dr. 
Lewis.+ 

It may be prepared by direct solution, or by mixing nitrate 
of lime and sulphate of soda together, filtering the solution, 
and evaporating. The crystals are transparent, and have a 


* Opuse. il. 334. + Phil. Com. p. 642. 
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rhomboidal form. This salt is of the specific gravity 2°0964.* Chap. 1. 
It has a cool sharp taste, and is somewhat more bitter than ~~~ 
nitre. It is soluble in about three parts of water at the tem- 
perature of 60°, in its own weight of water at the temperature 
of 126°, and in less than its weight of boiling water. When 
exposed to the air it rather attacts moisture. Its phenomena 
in the fire are the same with those of nitre, excepting that it 
does not melt so easily. 

The following table exhibits the result of the accurate ex- 
periments hitherto made to ascertain its constituents : 


t § tl 
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Sp. 2. Nitrite of soda, Not hitherto examined. 

Sp. 3. Carbonate of soda. This salt has been also very long 5, carbon, 
known. It is usually obtained by burning and lixiviating * 
marine plants, or by decomposing common salt. In commerce 
it is called barilla or soda. In that state, however, it is never 
perfectly pure, containing always a mixture of earthy bodies, 
and usually common salt; but it may be purified by dissolving 
it in a small portion of water, filtrating the solution, and eva- 
porating it at a low heat, skimming off the crystals of common 
salt as they form on its surface.** Of this salt there are three 
subspecies; namely, the carbonate, sesquicarbonate, and bicar- 
bonate. 

(1.) Carbonate. This is the common carbonate of soda of 
commerce. It forms large and beautiful crystals, the prirni- 
tive form of which is supposed to be an octahedron composed 
of two four-sided pyramids with rhomboidal bases, applied 
base to base. But I am not aware that this form has ever 
been met with. At least I have never seen it myself, though 
I have examined several hundred fine crystals of this salt. 

The usual crystal is the preceding with the opposite acute 
angles of the rhomboidal base a tee 

pretty deeply truncated, some- 
what similar to the outline given 
in the margin. 


* Hassenfratz, Ann. de Chim. xxviii. 12, t Wenzel, p. 309. 

{t Richter, Statique Chimique, i. 39. 

§ Wenzel, Verwandtschaft, p. 81. || Theoretical composition. 

** See a detail of the different plants from which this substance is procured, 
and of the method of procuri ng them, in the Ann. de Chimie, vol, xlix. 267. 
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Its taste is precisely the same with that of the carbonate of 


“talkin potash. Its specific gravity is 1623 by my trials. It is solu- 


ble in two parts of cold water, and in rather less than its 
weight of boiling water. So that when dissolved in boiling 
water it crystallizes as the solution cools. When exposed to 
the air, it very soon effloresces and falls to powder. When 
heated, it undergoes the watery fusion; indeed the soda of 
commerce sometimes contains so much water of crystallization, 
that, when once melted, it remains permanently liquid. If 
the heat be continued, the water gradually evaporates, and the 
salt becomes dry. Ina red heat it melts into a transparent 
liquid. A very violent heat drives off a part of its acid. This 
salt melts rather more easily than carbonate of potash, and for 
that reason it is preferred by glass manufacturers. 


Its constituents, according to the best analyses of it hitherto 


made, are as follows: 


ae 4 § ! 
Acid.. 16 .. 16 .. 14°42 .. 40°14 .. 14°16 .. 14°38 
Base.. 20 .. 22 .. 21°58 .. 59°86 .. 20°60 .. 20°92 
Water. "64 *. "62 64-00". .. 65°24 .. 64°70 


—eee ET 


Total .100 100 100°00 100°00 100°00 = 100°00 


ee ne ere 


The crystals are composed of 1 atom of the anhydrous salt 
+ 11 atoms water. 

(2) Sesquicarbonate. Though this salt occurs native in 
Africa in considerable quantities, it was not distinguished from 
the soda of commerce till, in 1802, Klaproth published an 
account of it in the third volume of his works.** It is found 
in the province of Sukena near Fezzan, and is called trona by 
the natives. It is crystallized in hard striated masses, not 
altered by exposure to the air, and of sach hardness that the 
walls of Cassar, a fort now in ruins, are said to have been 
built of it. It may be formed artificially by exposing the 
common carbonate of soda to an atmosphere of carbonic acid 


gas. In that situation it does not deposit crystals like bicar-_ 


bonate of potash, but forms a solid shapeless mass, having 
some resemblance to the African salt. 


* Bergman, Opuse. i. 18; and Fourcroy, Systeme de Comnoisances, 1V. 
56. Engl. Trans. 

+ Klaproth, iii.65. Engl. Trans. 

+ Kirwan, Nicholson’s Jour. tii. 215. § By my analysis. 

|| Theoretical composition. - ; ** Beitrage, 111. 83. 
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An. artificial sesquicarbonate of soda made by Mr. Philip 
Taylor, has been examined by Mr. Richard Phillips. It was 
crystallized in rhomboidal prisms, with angles of 60° and 120° 
terminated by quadrangular pyramids, the planes of the pyra- 
mids replacing the solid angles of the prism. It was not al- 
tered by exposure to the air, and the aqueous solution reddened 
turmeric paper strongly.* The following are the constituents 


of this salt according to the analysis of Klaproth and Phillips. 


- t 
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If we suppose it a compound of 3 atoms acid + 2 atoms base 
+ 4 atoms water, its constituents will be 


ACIG ic es'gs oes 8°25 OF 39°76 


| Ce aa eile, Naan 8°00 38°55 
Water Hips SNe 4°50 21°69 
100°00 


These numbers come sufficiently near the analyses to demon- 
strate its composition to be as above stated. 

(3.) Bicarbonate of soda can only be formed by forcing car- 
bonic acid into a solution of carbonate of soda by means of a 
strong pressure. ‘he bicarbonate gradually falls down in the 
state of crystals. It is made chiefly in London, and employed 
in the manufacture of soda water. 

Sp. 4. Borate of soda. Of this salt there are two subspecies, 
namely, borate of soda and borax. . 

Subspecies 1. Borate. This salt, which may be formed by 
saturating borax with boracic acid, has never been examined. 
Bergman informs us, that about half its weight of boracic acid 
is necessary to saturate borax.§ Its specific gravity is 1°351.|| 
It is soluble in 2°5 of water at the temperature of 147°.** 


* Quarterly Journal, vii. 296. t Klaproth, Beitrage, iii. 83. 

¢ Phillips, Quarterly Journal, vii. 296. 

§ Bergman, 111.325. According to Withering, twice its weight is neces- 
sary. Bergman’s Sciagraphia, p. 26. Eng. Trans. 

\| Hassenfratz, Ann. de Chim. xxviii. 12. ‘ 

** Wenzel, Ibid. p. 309. 
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But no confidence can be put in this analysis. Berzelius at- 
tempted to ascertain its composition, but met with difficulties 
which he was unable to surmount. 

Subspecies 2. Borax. This salt, the only one of the borates 
which has been accurately examined, is supposed to have been 
known to the ancients, and to be the substance denominated 
chrysocolla by Pliny. At any rate, it is mentioned by Geber 
as early as the ninth century under the name of borax. Its 
composition was first pointed out by Geoffroy in 1732, and 
by Baron in 1748. Bergman was the first who demonstrated 
that it has an excess of base, and is therefore in the state of a 
sub-borate. 

This salt is brought from the East Indies in an impure state, 
under the name of tinkal, enveloped in a kind of fatty matter, 
which Vauquelin has ascertained to be a soap with soda for its 
base. When purified in Europe, it takes the name of borax. 
The purification was formerly performed by the Dutch, and 
of late by the British ; but the process which they follow is 
not known. Valmont Bomare informs us that they extract 80 
parts of pure borax from 100 parts of tinkal. The operations 
are conducted in leaden vessels, and consist chiefly in repeated 
solutions, filtrations, and crystallizations. Valmont Bomare 
suspects that they employ lime-water ; and Fourcroy has shown 
that this might be useful in decomposing the soap in which 
crude borax is enveloped.t 

Borax, thus purified, may be obtained crystallized in hex- 


‘angular prisms, of which two sides are much broader than the 


remainder, and terminated by triangular pyramids. It is of a 
white colour, Its specific gravity is 1:740.f It converts ve- 
getable blues to green. Its taste is styptic and alkaline. 

ft is soluble, according to Wallerius, in 20 times its weight 
of water of the temperature of 60°, and six times its weight of 
boiling water. 

When exposed to the air it effloresces slowly and slightly. 


* Verwandtschaft, p. 248. + Fourcroy, i. 330. 
¢ Karwan. Wallerius makes it 1-720 (Cheinistry, p. 266); Dr. Watson 
1°757 (Essays, v. 67.) 
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When heated, it swells, loses about four-tenths of its weight, Chap. u. 
becomes ropy, and then assumes the form of a light porous, rigs 
and very friable mass, known by the name of calcined borax ; 
in a strong heat it melts into a transparent glass still soluble in 
water. 

When two pieces of borax are struck together in the dark, 

a flash of light is emitted.* 
This salt, according to Bergman, is composed of 


34 acid 
17 soda 
49 water 


¢ 


100+ 


If these proportions were accurate they would indicate $ 
atoms of acid united to 1 atom of soda. But no confidence 
can be placed in them. The analysis of Gmelin, however, 
agrees exactly with that of Bergman, in the proportion of acid 
and base. He found it a compound of 


PUNE Be en lee ovens Kear eedreg 
MV BECP, amepen athd-lacds « «i hO'S 


100°0t 

Sp. 5. Silicate of soda. ‘This salt may be easily formed by 
fusing 2 parts by weight of soda with 1 part of silica. The 
mixture melts into a transparent glass, which attracts moisture 
when exposed to the air, is soluble in water, and is then known 
by the name of /iguor silicum. Glass is a supersilicate of soda, 
usually containing a great excess of silica. 

Sp. 6. Phosphate of soda. This salt exists ready formed 6. Phot 
in urine, and was the first known of all the phosphates, It Phe 
occupied a good deal of the attention of chemists; and the 
difficulty of analyzing it gave occasion to various hypotheses 
concerning its nature. Hellot remarked it in urine; and de- 
scribed it, in 1737, as a salt different from those that had usually 
been observed. Haupt described it in 1740 under the name of 
sal mirabile perlatum, or “ wonderful perlated salt.” It was 
called perlated from the grey, opaque, pearl-like colour which 


* Accum, Nicholson’s Jour. 11. 28. 
+ Bergman’s Notes on Scheffer, p. 106. 
{ Schweigger’s Journal, xv. 245. 


456 


Book IT. 
Division If, 


Preparae 
tion. 


Properties. 


SALTS. 


» 


it assumed when melted by the blow-pipe. Margraff exa- 
mined it in 1745, and found it would not yield phosphorus 
when treated with charcoal as the other salts of urine did, but 
ascertained that it contained phosphoric acid. Rouelle the 
Younger analysed it in 1776; and concluded from his experi- 
ments that it was a compound of phosphoric acid and soda;* 
but Mr. Proust, being unable to obtain phosphorus from it, 
concluded that its acid was not the phosphoric, but another 
analogous to the boracic.t ‘To this substance, which Mr. 
Proust actually obtained, Bergman gave the name of perlated 
acid, and Morveau afterwards called it owretic acid. But 
Mr. Klaproth soon after analyzed it, and proved that it con- 
sisted of soda supersaturated with phosphoric acid.t Scheele 
soon after made the same discovery.§ The acid of Mr. Proust, 
then, is merely phosphate of soda combined with phosphoric 
acid, or biphosphate of soda. 

Dr. Pearson, who introduced it into medicine as a purgative, 
gave the following process for preparing it. 

Dissolve in a long necked matrass 1400 grains of crystallized 
carbonate of soda in 2100 grains of water at the temperature 
of 150°. Add gradually 500 grains of phosphoric acid of the 
specific gravity 1°85. Boil the liquor for some minutes; and 
while it is boiling hot, filtrate it, and pour it into a shallow 
vessel. Let it remain in a cool place, and crystals will con- 
tinue to form for several days. From the above quantities of 
materials he has obtained from 1450 to 1550 grains of crystals. 
Apothecaries usually prepare it from the superphosphate of 
Jime, obtained from bones by means of sulphuric acid. An 
excess of carbonate of soda is added to separate the lime. The 
liquid is then filtered and evaporated slowly till it crystallizes. 

Its crystals are rhomboidal prisms, of which the acute an- 
gles are 60°, and the obtuse angles 120°, terminated by a three- 
sided pyramid. Its specific gravity is 1°333.|| Its taste is 
cooling and urinous, but not disagreeable. It is soluble at the 
temperature of 60° in about four parts of water, and in two 
parts of boiling water. This solution crystallizes on cooling; 
but, in order to obtain the salt properly crystallized, the solu- 
tion should contain a slight excess of alkali. When exposed 
to the air, this salt very soon effloresces on the surface. When 


* Jour. de Med. 1776, Juillet. t Jour. de Phys. 1781, i. 145. 
$ Crell’s Annals, 1785, 1. 238. § Ibid. ii. 387. 
\| Hassenfratz, Ann. de Chim, xxviii. 12. 
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heated, it undergoes the watery fusion. Ata red heat it melts chap. 1. 
into a white enamel. Before the blow-pipe it melts into a ~V— 


transparent globule, which becomes opaque on cooling, and 
its surface acquires a polyhedral figure. 

It is not altered by combustibles nor metals. With metallic 
oxides it enters into fusion, and forms a coloured globule of 
glass. Sulphuric, nitric, and muriatic acids, decompose it 


partially, and convert it into biphosphate of soda. In this state Biphos- 


it is more soluble in water, and not so easily crystallized; but 
may be obtained by proper evaporation in the state of thin 
scales, not unlike boracic acid. It was this biphosphate which 
Proust obtained, and which he considered as a peculiar acid. 
The greater number of earths may be fused along with this 
salt, and converted into glass. 

This salt is composed as follows: 


2 * 
eid. 32s DOSS Anes 100 
[ee See Lt peg oi ' $7 


Water .... 62°00 
100°00 


The crystals are composed of 1 atom anhydrous salt + 14 
atoms of water. In my experiments on this salt, I found the 
water of crystallization rather more than 62 per cent. though 
probably it is less than 63. 

Sp. 7. Ammonio-phosphate of soda. ‘Though this salt, known 
to chemists by the names of microcosmic salt and fusible salt of 
urine, was extracted from urine, and examined much sooner 
than any of the other phosphates, it was long before philoso- 
phers were able to form precise notions concerning its nature, 
or even to obtain it in a state of purity. Margraff was the 
first who pointed out the method of procuring it pure, and who 
published a detailed description of its properties. He showed 
that it contained ammonia, and that it yielded phosphorus ; 
but he did not succeed in discovering its whole constituents. 
Fourcroy was the first who gave a precise account of the pro- 
portion of its component parts.{ According to him, it is 
composed of 


* Berzelius, Ann. de Chim. et Phys. ii. 164. 
+ Opusce. 1. 123, + Ann. de Chim. vil. 183. 
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The properties of this salt are nearly those of the phosphate 
of soda and phosphate of ammonia joined together. It an- 
swers better than the first of them as a flux; because the heat 
soon drives off the ammonia, and leaves an excess of acid. Its 
specific gravity is 1:509.* When exposed to the air, this salt 
effloresces, and gradually loses its ammonia; a fact first ob- 
served by the Duke de Chaulnes. Margraff had observed that 
the ammonia is dissipated when the solution of it in water is 
evaporated. 

Sp. 8. Phosphite of soda. ‘This salt has not been hitherto 
described. 

Sp. 9. Hypophosphite of soda. ‘This salt is very soluble in 
water and equally soluble in alcohol. A detailed account of 
its properties has not been hitherto published. . 

Sp. 10. Sulphate of soda. ‘This salt was first discovered by 
Glauber, a German chemist, and for that reason was long known 
by the name of Glauber’s salt. He himself called it sal mirabile. 
It may be prepared by saturating soda with sulphuric acid ; 
but it is more usually obtained by decomposing common salt in 
order to procure muriatic acid. Like the sulphate of potash, 
it is capable of existing in two states. In the one it is neutral, 
in the other it has an excess of acid. 

Subspecies 1. Sulphate. This is the state in which the salt 
usually occurs in commerce, being prepared in great quantities 
by the manufacturers of sal ammoniac. Its crystals are trans- 
parent, and when formed by slow evaporation, are six-sided 
prisms, terminated by dihedral summits. The sides of the 
prisms are usually channelled, and the crystals are almost 
always exceedingly irregular. Its specific gravity, according 
to Wallerius, is 2°246;+ Dr. Watson, by a method not sus- 
ceptible of much precision (on account of the ready solubility 
of this salt), found it 1°380.§ 

* Hassenfratz, Ann. de Chim. xxviii. 12. 

+ Ann. de Chim. et Phys. ii. 142. 

} Wallerius’ Chemia Physica, 266. 

§ Chemical Essays, v.66. I found the specific gravity of the salt 1:3497. 
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Its taste at first has some resemblance to that of common. ciap. rr: 
salt, but soon becomes very disagreeably bitter. It is soluble “~~~ 


in 2°86 times its weight of water at the temperature of 60°, and 
in 0'8 of boiling water.* When heated to redness, so as to 
drive off its water of crystallization, and then pounded in a 
mortar, it dissolves in 3°3 its weight of water at the tempera- 
ture of 144°. When exposed to the air, it loses great part 
of its water, and falls into a white powder, t but it is not other- 


_wise altered. It loses about 56 per cent. of its weight.§ 


When exposed to heat, it first undergoes the watery fu- 
sion,|| then its water is evaporated, it is reduced to a white 
powder, and in a red heat it melts. Mr. Kirwan has observed, 
that part of the acid, as well as the water, is driven off by the 
application of a strong heat.** 

Its constituents, according to the most accurate analyses hi- 


- therto made, are as follows: 


Pe icy Biie AGE! fs sore er 
AON. 2. PDP G2 BOT 2 SEY D476» ss BLUE. Qed. 


ase «<b IS' HS ow G43 +, JED ko 19-O ~. EPo?... 19°6 
Water .. 6800+... 56°00- + 56°0 


os ed — 


100700 =100°0 100 100:00 100°:00 100°0 


The crystals of this salt are composed of 1 atom anhydrous 
sulphate + 10 atoms water. 

Gay-Lussac has discovered that water of the temperature of 
91° dissolves a maximum of anhydrous sulphate of soda. At 
that temperature, 100. parts of water dissolve 50°65 parts of 
the salt. The solubility diminishes a little as the temperature 
increases, and 100 parts of water at the boiling temperature 
dissolve only 42°65 parts of the salt. The solubility dimi- 


_ nishes at a still greater rate, as the temperature sinks, so that. 


* Bergman, i. 133. “ + Wenzel, p. 309. 

} Substances which fall to powder in this manner are said to effloresce. 

§ Wenzel, p. 312. 

|| When substances, on the application of heat, melt by means of the 
water they contain, they are said to undergo the watery fusion. 

** Trish Transactions, v. 

++ Kirwan, Nicholson’s Quarto Jour. iii. 215. 

tt Wenzel’s Verwandtschaft, p. 56. 

§§ Kirwan, Ibid. The two first analyses were made upon the crystals of 
the salt, the two last upon the salt supposed free from water. 

{||| Berzelius, Ann. de Chim, Ixxxii. 33. | 

*** Berard, Ann. de Chim. Ixxi. 69. +++ Theoretical composition. 
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100 parts of water at the freezing point dissolve only 5°02 
parts of the anhydrous salt. The following table exhibits the: 
results of Gay Lussac’s experiments on the solubility of this 
salt. both anhydrous and erystallized. ‘The temperatures are 
marked according to the centigrade scale.* 


SALTS SOLUBLE IN 100 WATER. 


Temperature. Anhydrous, Crystals. 
CHOOFAS 042% DIOS a Pere care iy ig 

IO Sr. ee aee Ota ee eee nse 20 oe 
EO OO" oo tae te DS Oe Ree eas 31°33 
coe Pi ae tak: a (cle hg 48°28 
Ge OOS SON bt Ade i! Nee Sa Pa 99°48 
ZNO, Se ere es STOO at see oe LOLS 
UO oa aa 400s BOIOD) Paros athe s 215°77 
aa oes Grae oes RUSSO) Baa cne ey 2'70°22 
G21 3 : BONGO Fa ever a8 322°12 
3S'EB. 4 52s BR « DOO4L .:. es SEB IL 
40°15 Verde. SORES. o vce jeus- 291°44 
45°04 : ATES, 2 Rebba aye 276°91 
DO'AO » y cde aes 46°82 . ov s@ (BOZBS 
BOD 6 wrrere’s BONS 4 are 
POTCN IS. 5a Wid ot REO DO: 5 00 08% 6 
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dissolved in sulphuric acid, if the solution be set aside, it de- 
posites spontaneously large rhomboidal crystals which contain 
an excess of acid. They effloresce in the air, and lose their 
excess of acid when moderately heated. At the temperature 
of 66° they dissolve in twice their weight of water.+ 


Sp. 11. Ammonio-sulphate of soda. 
scribed by Link, who formed it by saturating supersulphate of 


soda with ammonia. Seguin formed it by mixing together the 
solutions of sulphate of soda and sulphate of ammonia, and 


evaporating the mixture. 
tals. 
posure to the air. 


heated they decrepitate and swell, ammonia is first disengaged, 
and supersulphate of ammonia and sulphate of soda remain. 


Soda decomposes it by driving off the ammonia. 


* Annals of Philosophy, xv. 10. 


_.{ Crell’s Annals, 1796, i, 30. 


4 
rf 


+ Jour. de Min. An. 10. p. 80, 


When 


This salt was first de=_ 


The triple salt is obtained in crys- | 
These crystals are regular, and are not altered by ex- | 
Their taste is pungent and bitter. 


SALTS OF SODA. 
According to Link it is composed of 


5 parts sulphate of soda 
9 parts sulphate of ammonia 


14% 


Sp. 12. Sulphite of soda. ‘This salt was first accurately de- 
scribed by Fourcroy and Vauquelin. It is white and perfectly 
transparent. Its crystals are four-sided prisms, with two very 
broad sides and two very narrow ones, terminated by dihedral 
summits. Its specific gravity is 2°9566.+ Its taste is cool and 
sulphureous. It is soluble in four times its weight of cold 
water, and in less than its weight of boiling water. By ex- 
posure to the air it effloresces, and is slowly converted into a 
sulphate. When exposed to heat it undergoes the watery fu- 
sion, and afterwards exhibits precisely the same phenomena as 
the sulphite of potash. Metallic oxides and salts affect it pre- 
cisely as they do sulphite of potash. The composition of this 
salt must be as follows: 


MOA ocak oe wound oO 


SO Sot ks eaee) D405 
VV APOE es ie Sion kee 51°0 
100°0 


The crystals are composed of 1 atom of anhydrous salt + 
8 atoms water. 


Sp. 13. Hyposulphite of soda. his salt may be formed 
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13. Hypo- 


precisely in the same way as the hyposulphite of potash. It SU?" 


crystallizes on cooling, when evaporated to a syrup, in silky 
tufts, radiating from a centre, which at length extend through 
the whole liquid, and render it solid. When exposed to the 
air it deliquesces, but in vacuo along with sulphuric acid it 
effloresces. Its taste is intensely bitter and nauseous. When 
heated, it first undergoes the watery fusion, then dries into a 
white mass, and at length takes fire, burning with a vivid de- 
flagration, and a bright yellow flame. It is insoluble in alco- 
hol, which precipitates it from water Chloride of silver dis- 
solves in it almost as readily as sugar in water.t) 


Sp. 14. Hyposulphate of soda. Not yet described. 


* Link, Crell’s Annals, 1796, i. 27. 
+ Hassenfratz, Ann. de Chim. xxviii. 12. 
t Herschell, Edin. Phil, Jour. i. 19. 
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Sp. 15. Seleniate of soda, Soda like most of the bases unites 


\— with three proportions of selenic acid, and forms three dis- 


15. Selee 


e 


16. Arse- 
niate. 


tinct salts. 

(1.) Selentate of soda is very soluble in water, and has the 
taste of borax. When evaporated to a syrup, it yields small 
crystalline grains; but cannot be made to crystallize by cool- 
ing. When evaporated to dryness, it does not alter in the 
air. It is insoluble in alcohol. 

(2.) Biseleniate of soda crystallizes in needles when the so- 
lution is sufficiently concentrated. It does not effloresce in the 
air; but when heated, it first loses its water of crystallization, 
and then melts into a yellow liquid. On cooling, it becomes 
white. When heated to redness, one half of the acid flies off 
in a white smoke, and neutral seleniate remains. 

(3.) Quadriseleniate of soda, when exposed to spontaneous 
evaporation, crystallizes in needles. | 

According to the analysis of Berzelius, seleniate of soda is 
composed of 

WOM ele eas kanon uae ke 
Soda ses fadeecee th tee 


While biseleniate is a compound of 


OMe is Sek we we eS OO 
Oda Gis peas OS Ui ae SS 


If we suppose an atom of selenic acid to weigh 7°125, and an 
atom of soda 4, then the true composition of these salts will 
be as follows: 


Seleniate. Biseleniate. 
ic ae 2 “100 = 8 12 ane OD 
Boda: 36 NGS Me 28°07 


Sp. 16. Arseniate of soda. ‘This salt may be formed by dis- 
solving carbonate of soda in arsenic acid, till all effervescence 
ceases ; but care must be taken to leave the liquid in such a _ 
state that it shall still continue to redden vegetable blue co- | 
lours. When sufficiently concentrated, and set aside, it yields 
very regular crystals of arseniate of soda. 

The shape of its crystals is a rhomboidal prism, whose faces | 
are inclined to each other at angles of 64° and 116°. The 
bases of these prisms are rhombs, with angles of 64° and — 
116°. Ina dry atmosphere, they effloresce on the surface be- | 


* Ann. de Chim. et de Phys. ix. 258. 


fond 


rf 
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coming white and opaque ; but do not lose their shape, or fall Chap. 
to powder. ‘The taste of the salt is cooling, and bears some 
resemblance to that of carbonate of soda, but is not so strong. 
These crystals give a purple colour to cudbear paper. Their 
specific gravity is 1759; 100 parts of water at the tempera- ' 
ture of 45° dissolve 22°268 parts of the crystals, or 10132 
parts of the salt deprived of its water of crystallization. Al- 
cohol does not dissolve it; but a crystal suspended in that li- 
quid becomes white and opaque, in consequence of the alcohol 
depriving the surface of the salt of its water of crystallization. 
When heated, it undergoes the watery fusion, the water of 
crystallization being more than sufficient to keep it in solution 
at a boiling temperature. When kept for some time in a tem- 
perature between 500° and 600°, it loses the whole of its water 
of crystallization, and is converted into a white powder. Ata 
red heat it fuses, and becomes liquid like water. 

The constituents of this salt, according to my analysis of it, 
are as follows: 


rt ee ee > 34°00 or 14°5 
BOGS tas oe oe 9°38 4. 
WV SEE na. 5, -» 56°62 24e1 


Now this is equivalent to 1 atom acid + 1 atom soda + 21 
atoms water.* 

Sp. 17. Arsenite of soda. A yellow viscid liquor with a nau- 
seous odour. It does not crystallize. 

Sp. 18. Antimoniate of soda. Not examined. 

Sp. 19. Chromate of soda. This salt has been examined by 19. Chro- 
John.}+ When the acid is neutralized by soda, it forms a dark ™** 
yellow solution, which by spontaneous evaporation forms thin 
six-sided tables, with two long and four short faces. T hey are 
transparent, easily soluble in water, and do not alter vegetable 
blues. ‘They dissolve very sparingly in alcohol. 

Sp. 20. Molybdate of soda. This salt is very soluble in 
water. ‘The solution, by evaporation, yields transparent crys- 
tals not altered by exposure to the air.t Neither the molyb- 
date of potash nor soda can be volatilized by heat. 

Sp. 21. Tungstate of soda. This salt may be obtained by 21. Tang- 
dissolving tungstic acid in a solution of soda. When the so- “!** 
lution is evaporated, the tungstate of soda crystallizes in elon- 
gated hexahedral plates. 


* Annals of Philosophy, xv. 82. + Ibid. iv. 425, 
{ Heyer, Gren’s Handbuch, iii. 709. 
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Book. It has an acrid and caustic taste ; it is soluble in four parts 
eye of cold water, and in two parts of boiling water. Sulphuric, 
nitric, muriatic, acetic, and oxalic acids, occasion a precipitate 
in its solution, which is a triple salt, varying according to the 
acid employed. Phosphoric acid occasions no precipitate, nor 
is any precipitate produced when sulphuric acid is dropped in 
after phosphoric acid. No precipitate is occasioned by the 
sulphates of potash and of magnesia; but a white precipitate 


is occasioned by the following salts : 


1. Muriates of lime and barytes; alum. 
2. Almost all metallic salts.* 


Sp. 22. Columbate of soda. Unknown. 
28, Ace- Sp. 23. Acetate of soda. This salt, which seems to have 
po been first examined by Baron, was formerly known by the ab- 
surd name of crystallized foliated earth. It is usually pre- 
pared by saturating acetic acid with carbonate of soda, and 
evaporating the solution till a thin pellicle appears on its sur- 
face. When the solution is allowed to cool, the acetate of 
soda crystallizes in striated prisms, not unlike those of sulphate 
of soda. It has a sharp taste, approaching to bitter. It is 
soluble in 2°86 parts of water at the temperature of 60°.; Its 
specific gravity is 2°1.t It is not affected by exposure to the 
air. When heated, it first loses its water of crystallization ; ina 
strong heat it melts; and in a still stronger its acid is destroyed. 
This salt can only be obtained in crystals when there is an ex- 
cess of alkaliin the solution. 
The constituents of this salt, according to the best analyses 
hitherto made, are as follows: 


Compo- Acid.... 60°39 .. 63°28 .. 61°689 .. 36°95 .. 61°45 
ae Base.... 39°61 .. 36°72 .. 38°311 .. 22°94 .. 38°55 
Water .. 407 1%... 


ae ee —_—_— ee 


Total .. 100°00 100:00 100°000 100°00 100°00 


Sp. 24. Benzoate of soda. The crystals of this salt are 
larger, but its taste is the same with that of benzoate of potash. 
It is also very soluble in water. It effloresces in the air. 


* Vauquelin and Hecht, Jour. de Min. No. 19, p. 20. 

+ Bergman, v. 78. ¢ Hassenfratz, Ann. de Chim. xxviii. 12. 
§ Wenzel, p. 147. | Richter, Statique Chimique, i. 136. 
** Berzelius, Ann. de Chim. Ixxxii. 113. 

++ ‘Theoretical composition. 
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Sp. 25. Succinate of soda. When pure succinic acid is sa- chap. 11. 
furated with soda, the solution by spontaneous evaporation ap ag 
yields beautiful transparent crystals of succinate of soda; some te. 
of which are four-sided prisms with dihedral summits ; others 
six-sided prisms, terminated by an oblique face.* This salt 
has a bitter taste, is less soluble in water than common salt, 
and does not deliquesce when exposed to the air. 

This salt is decomposed completely when exposed to a suffi- 
cient heat in close vessels. 

Sp. 26. Moroxylate of soda, Unknown. 

Sp. 27. Camphorate of soda. This salt may be formed pre- ¢1. Cam- 
cisely in the same manner as the camphorate of potash. It is?’ 
white and transparent ; its taste is somewhat bitter ; its crys- 
tals are irregular. Water at the temperature of 60° dissolves 
less than +1. part of its weight of this salt; boiling water dis- 
solves 1th of its weight. It is also soluble in alcohol. When 
exposed to the air it ioses its transparency, and effloresces 
slightly, but is never completely reduced to powder. Heat 
produces the same effect upon it as on camphorate of potash : 
the acid burns with a blue flame, which becomes reddish to- 
wards the end.+ 

Sp. 28. Suberate of soda. This salt does not crystallize. It 
reddens the tincture of turnsole. Its taste is slightly bitter. 

It is very soluble in water and in alcohol. It attracts moisture 
from the air. Caloric produces the same effect on it that it 
does on suberate of potash.t | 

Sp. 29. Oxalate of soda. When two parts of crystallized 29, oxa- 
carbonate of soda are dissolved in one part of oxalic acid, the 
oxalate of soda partly precipitates, because it is but sparingly 
soluble in water. The remaining solution yields by evapora- 
tion crystalline grains, which give a green tinge to syrup of 
violets, and are perfectly soluble in hot water.§ ‘The taste of 
this salt is nearly the same as that of oxalate of potash, but it 
is much less soluble in water. When heated it falls to pow- 
der, and loses the whole of its water of crystallization. 

The constituents of this salt are 


Oxalic acid’ ..i i. ; fai 0 ES 
7) es oor rare 
100 
* Morveau, Ann. de Chim. xxix. 166. + Ann. de Chim. xxvii, 96. 
t Ann. de Chim. xxiii. 59, § Bergman, i. 261. 
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In my original experiments,* I made the quantity of oxalic 


Division If. _- ° ° 
ten acid too great, because my acid was not sufficiently freed from 


$1. Tare 
trate. 


History. 


water.. M. Berard fell into the same mistake.t The analysis 
of Vogel of Bayreuth is nearly correct; he obtained 


Ge ee te aces » 54°77 
Soda Soe eee ee oe 


eS 


100°00 ¢ 


Sp. 30. Mellate of soda. When mellitic acid is neutralized 
by soda, the solution crystallizes in cubes or three-sided tables ; 
sometimes insulated, sometimes in groups.§ 

Sp. 31. Tartrate of soda, This salt may be formed by dis- 
solving soda in tartaric acid. It crystallizes in fine needles. 
Its specific gravity is 1°7437.|| It is soluble in its own weight 
of cold water.** It is capable of combining with an excess of 
acid, and forming a supertartrate of soda, which is nearly as 
insoluble in water as tartar.TT 

Sp. 32. Tartrate of potash-and-soda. ‘This salt is usually 
prepared by putting one part of tartar in five parts of boiling 
water, and adding gradually carbonate of soda in powder as 
long as it continues to produce an effervescence. The tartar 
eradually dissolves. When the saturation is complete, the so- 
lution is filtered and evaporated to the consistence of a syrup. 
On cooling, the tartrate of potash-and-soda crystallizes. 

This salt has been distinguished by the name of salt of séig= 
nette, because it was first formed and introduced into medi- 
cine by Mr. Seignette, an apothecary at Rochelle. This gen- 
tleman recommended it in a tract published in 1672. It was 
soon after introduced into practice in Paris by Lemery ; and, 
becoming a fashionable medicine, made the fortune of the dis- 
coverer. For some time its composition was kept secret ; but 
Boulduc and Geoffroy discovered its component parts im 1731. 

This salt crystallizes in prisms of eight or ten unequal sides, 
having their ends truncated at right angles. ‘They are gene- 
rally divided into two in the direction of their axes; and the 
base on which they stand is marked with two diagonal lines, 
<o as to divide it into four triangles. It has a bitter taste. It 


x Phil. Trans. 1805. + Ann. de Chim. Ixxiil. 274. 
+ Annals of Philosophy, v. 30. § Klaproth’s Beitrage, i1. 131. 


|| Hassenfratz, Ann. de Chim. ¥XVill. 12. 
** Wenzel, p. 308. 


++ Thenard, Ann. de Chim. Xxvill. 12. ’ 
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is almost as soluble as tartrate of potash. It effloresces when. Chap. 11 


exposed to the air. Heat decomposes it. Its specific gravity 
Is 1°757.* 
According to the analysis of Vauquelin, it is composed of 


54 tartrate of potash 
46 tartrate of soda 


100+ 


If we consider it as composed of an atom of tartrate of pot- 
ash united to 1 atom of tartrate of soda, which is obviously 
its composition, it must consist of 


Tartrate of potash ...... 53°73 
Tartrate of soda........ 46°27 
100°00 


Now these proportions agree very closely with the result of 
Vauquelin’s analysis. 

Sp. 33. Citrate of soda. This salt may be formed by the 
same process as the 31st species. By proper evaporation it is 
obtained crystallized in six-sided prisms, not terminated by 
pyramids. Its taste is salt and cooling, but mild. It is solu- 
ble in 12 parts of water. When exposed to the air, it efflo- 
resces slightly. When heated, it melts, swells, bubbles up, 
blackens, and is decomposed. According to Vauquelin, it is 
composed of 

60°7 acid 
39°3 soda 


100°0 t 


If we consider it as composed of 1 atom acid + 1 atom 
soda, its constituents must be 


Cieid Bd PF) GA eae sianed 64°83 
Soda ooo Oe Ov aede 4°000 eoeevee 35°17 


100°00 


Sp. 34. Kinate of soda. Unknown. — 
Sp. 35. Saclactate of soda. Small crystals soluble in 5 times 
their weight of boiling water.§ 


* Watson’s Chemical Essays, v. 67. + Fourcroy, vii. 246. 
t Ibid. vii. 247. § Scheele on sugar of milk. 
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Sp. 36. Urate of soda. A white powder having the same 
appearance as pure uric acid. Soluble in soda ley. 

Sp. 37. Malate of soda. A deliquescent, very soluble, in- 
crystallizable salt. ‘The bimalate forms permanent crystals so- 
Juble in water; but insoluble in alcohol.* 

Sp. 38. Lactate of soda. This salt bears a close resemblance 
to lactate of potash, from which it can only be distinguished 
by analysis.+ It dissolves in alcohol. 


emia 


The composition of the salts of soda is easily ascertained by 
considering them as composed of 1 atom of soda united to 1 
atom of each of the acids. An atom of soda weighs four, and 
the weight of an atom of each of the acids has been given in 
a preceding chapter of this volume. 

Perhaps the carbonate is the most useful of all the salts of 
soda. The sulphate is much employed asa cathartic. Ro- 
chelle salt likewise is much employed in medicine. But the 
great body of the salts of soda have not yet been applied to 
any useful purpose. 


SECT. IV. 
SALTS OF LITHIA. 


Tue salts of lithia have been hitherto but superficially ex- 
amined, owing to the difficulty of procuring their base in suf- 
ficient quantity. | 

1. They are all soluble in water (as far as is known), and in 
this respect resemble the salts of potash and soda. But the 
carbonate of lithia is much less soluble than the carbonates of 
potash or soda. 

2. When carbonate of potash is dropt into a concentrated 
solution of a salt of lithia, a white precipitate falls. This pre- 
cipitate may be redissolved again by diluting the liquid with a 
sufficient quantity of water. 

3. Muriate of platinum occasions no precipitate when dropt 
into a salt of lithia. 

4. Several of the salts of lithia melt at a very low tempera- 
ture. 

5. When the salts of lithia are heated to redness in a pla- 


* Donovan. + Berzelius, Djurkemien, ti. 436. 
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tinum vessel, they act with considerable energy upon that. chay. 1. 


metal. 

6. Neither ferrochyazate of potash, nor infusion of nut-galls, 
occasions any precipitate in the salts of lithia. 

Sp. 1. Nitrate of lithia. This salt is colourless, very solu- 
ble in water, and crystallizes in four-sided prisms, with rhom- 
boidal bases. Its taste is very sharp. It very speedily deli- 
quesces when exposed to the air. It melts when exposed to a 
very moderate degree of heat, and runs into a liquid. It dis- 
solves readily in alcohol.* 

Sp. 2. Carbonate of lithia. When this salt is obtained by 
precipitating a concentrated salt of lithia by means of carbo- 


nate of potash, it is a white powder, having a strong alkaline 


taste, and soluble in about 100 times its weight of cold water ; 
but more soluble in hot water. It melts when heated to red- 
ness, and assumes on cooling the appearance of enamel. 
When heated in a platinum crucible, the metal is always 
strongly attacked. ‘The carbonates of the other alkalies, on 
the other hand, restore the metallic lustre to this metal when 
tarnished. This fused carbonate dissolves in water very slowly. 
According to the analysis of Gmelin, this carbonate is com- 
posed of 


Carbonic acid .. 54°46 ...... 2°75 
WAtNEA. 4 bea ee RO Oe shee. 1£°932 


100°00 
The true numbers are doubtless | 


Carbonic acid .... 55 ...... 2°75 
ec Sa ea AG i 3 ee S95 


100 


which approach very nearly to the actual analysis.+ 

Sp. 3. Borate of lithia. This acid combines in two pro- 
portions with lithia. The neutral borate may be made by 
boiling together the aqueous solutions of boracic acid, and 
carbonate of lithia. ‘The combination takes place very slowly. 
The borate of lithia is very soluble in water, and when the so- 


» Arvedson, Ann. de Chim. et de Phys. x. Gmelin, Gilbert’s Annalen, 
Ixu. 410. 

+ Gilbert’s Annalen, 1x11. 416. Arvedson, Ann. de Chim, et de Phys. x, 
89. 
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lution is evaporated sufficiently, a gummy transparent matter 
remains, which deliquesces when left exposed to the air. 

Biborate of lithia is capable of crystallizing, and is much 
less soluble than the borate of lithia, though more so than bo- 
racic acid.* 

Sp. 4. Phosphate of lithia. This salt falls in the state of a 
white insoluble powder, when phosphate of ammonia is dropt 
into a solution of sulphate of lithia. But phosphoric acid 
does not occasion a precipitate when dropt into that salt, nor 
when dropt into carbonate of lithia, But if heat be applied 
to the carbonate after the addition of phosphoric acid, carbo- 
nic acid is disengaged, and phosphate of lithia falls down. 
When we dissolve this salt in phosphoric acid, we obtain a bi- 
phosphate of lithia, which is capable of crystallizing.t 

Sp. 5. Sulphate of lithia. This salt crystallizes in small 
four-sided crystals, whose bases, according to Vauquelin, are 
squares. Its taste is saline, without any of the bitterness which 


distinguishes the sulphates of potash and soda. It requires a ~ 


strong red heat to fuse it, but the presence of a little gypsum 
makes it fusible below a red heat. It is scarcely altered by 
exposure to the air. The constituents of this salt, according 
to the different analyses hitherto made, are as follows: 


ee ae 


AGIOS as Sects weal OSie 69°2 68°15 68°966 
Dathtaiaends iis slo's Gi BSS 30°8 31°85 31°034 


100°00 /100°0 | 100°00 |100:000 


Bisulphate of lithia dissolves in water more readily than the 
sulphate. It crystallizes in six-sided tables. When exposed 
to a very high temperature, sulphurous acid and oxygen gas 
are driven off, and sulphate of lithia remains behind.++ 

Sp. 6. Chromate of lithia. ‘This salt has a yellow colour, 
and crystallizes in parallelopipeds with rhomboidal bases. It 
is readily soluble in water.tt 


Sp. 7. Tungstate of hithia. This salt may be obtained by 


* Gmelin, Gilbert’s Annalen, Jxu. 412. + Ibid. p. 409, 
+ Arvedson, Ann. de Chim. et de Phys. x. 90. 
§ Vauquelin, ibid. vil. 287. 


|| Gmelin, Gilbert’s Annalen, lix. 240. ** Theoretical composition, ~ | 


++ Gmelin, Gilbert’s Annalen, Ixu. 409. ¢ }¢ Ibid. p. 413, 
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boiling together tungstic acid and carbonate of lithia with a chap. u. 
sufficient quantity of water. It crystallizes in large oblique acid 
four-sided prisms, with rhomboidal bases. Its ‘taste is sharp, 
and at first sweetish, but it leaves an astringent impression in 
the mouth. It is pretty soluble in water.* 

Sp. 8. Acetate of hthia. ‘This salt may be obtained by dis- — 
solving carbonate of lithia in aéetic acid, with the assistance of 
heat. When evaporated, it leaves a gummy matter which 
speedily deliquesces, and in the deliquesced mass, crystalline 
plates gradually make their appearance.t 

Sp. 9. Benxoate of lithia. Benzoic acid readily decomposes 
carbonate of lithia, and forms a salt which dissolves readily in 
water, and does not crystallize, but leaves a white opaque mat- 
ter which deliquesces in the air, When heated to redness, it 
is converted into carbonate of lithia, which leaves when dis- 
solved in water, a very bulky coal. 

Sp. 10. Oxalate of lithia. This salt may be obtained by 
saturating oxalic acid with carbonate of lithia. It crystallizes 
with difficulty, and dissolves readily in water.§ Binoxalate of 
lithia crystallizes and dissolves readily in water. 

Sp. 11. Lartrate of lithia. This salt dissolves readily in 
water, and does not crystallize, but forms a white opaque mat- 
ter which does not deliquesce when exposed to the air. The 
bitartrate, on the contrary, crystallizes readily, and is not so 
soluble as the tartrate. || 

Sp. 12. Tartrate of potash-and-lithia. When the excess of 
acid in the bitartrate of potash is neutralized by boiling the 
salt with carbonate of lithia, and the liquid is left to sponta- 
neous evaporation, we obtain large crystals, consisting of rect- 
angular four-sided. prisms, whose bases are rectangles. The 
diagonals of these rectangles are distinctly marked, and the 
four triangles thus produced are streaked parallel to the sides — 
of the rectangle. ‘This remarkable appearance is permanent, 
and may therefore constitute a good character of lithia. This 
salt dissolves readily in water. It has a salt taste, without any 
bitterness, and is scarcely altered by exposure to the air.** 

Sp. 13. Tartrate of soda-and-lithia. This salt may be made 
by a process similar to that given for obtaining the preceding 
species. It forms long four-sided rectangular prisms, often 
terminated by an oblique face. It dissolves readily in water, 


* Gmelin, Gilbert’s Annalen, lix. p. 443. + Ibid. 415. 
t Ibid. 416. § Ibid. 414. || Lbid. ** Thid. 417. 
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Its taste is saline and weak, and it undergoes little alteration 
when left exposed to the air.* 

Sp. 14. Saclactate of lithia. Saclactic acid readily dissolves 
carbonate of lithia, and yields when slowly evaporated small 
crystals of saclactate of lithia, which effloresce when exposed 
to the air, and dissolve with facility in water.+ 

Sp. 15. Malate of lithia. Malic acid extracted from the 
berries of the mountain ash dissolves carbonate of lithia with 
facility ; but the solution does not yield crystals. ‘When eva- 
porated, a syrupy mass remains which cannot be easily dried. 

Sp. 16. Gallate of lithta. Gallic acid readily dissolves car- 
bonate of lithia. The solution has a dark green colour, and 
when evaporated, leaves a black matter behind, which does not 
yield crystals.§ 


ee 


Such are the salts of lithia hitherto examined by chemists. 
Their composition is easily determined by considering them as 
compounds of one atom acid, and one atom lithia, and by re- 
collecting that an atom of lithia weighs 2:25 


SECT. V. 
SALTS OF MORPHIA. 


Tus genus of salts has been known for so short atime, and 
has been so imperfectly examined, that we are not yet ac- 
quainted with the characters by which it may be distinguished 
from the three following genera. 

1. All the salts of “aseallete as far as known, are soluble in 
water, and have a bitter taste. Most of them are capable of 
crystallizing. 

2. When ammonia is dropt into a solution of a salt of mor- 
phia, a white flocky precipitate falls, which in a short time as- 
sumes a crystallized appearance. ‘This precipitate reddens 
turmeric paper, has a bitter taste, and when taken ogee 
produces the same effects as a dose of opium. 

Sp. 1. Nitrate of morphia. This salt crystallizes in needles, 
which are deposited in stars. Its taste is bitter, and it dis- 
solves in 14 time its weight of cold water. According to the 
analysis of Choulant, the composition of this salt is as follows: 


* Gmelin, Gilbert’s Annalen, lix. p. 444. 
+ Ibid. 416. t Ibid. § Ibid. 415. 
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But these proportions are probably very wide of the truth.* 
Sp. 2. Carbonate of morphia. ‘This salt crystallizes in short 
prisms, ‘and is soluble in four times its weight of water, Ac- 
cording to Serturner, morphia is likewise capable of combining 
with carbonic acid, in the proportion of 2 atoms morphia to 
1 atom carbonic acid, forming a sub-bicarbonate. It is more 
soluble in water than morphia. According to Choulant, the 


carbonate of morphia is composed of 


Ad 08"? geeks are 28 

PEOEPIES sa ogee oes 22 

WE ater eh me cae eas OO 
1004 


But these numbers are without doubt very inaccurate. 

Sp. 3. Sulphate of morphia. This salt crystallizes in prisms, 
and is soluble in twice its weight of distilled water. The fol- 
lowing table exhibits the composition of this salt according to 


the analyses of it hitherto made. 


alice | 


PRONE: 285-5 6 le 22 | 12°8 11°084 


Morphia ....| 40 | 87:2 | 88-916 88°95 
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Sp. 4. Acetate of morphia. This salt crystallizes in white 
prisms. It has a bitter taste, and is soluble in its own weight 


of cold water. 


Sp. 5. Tartrate of morphia. This salt crystallizes in prisms, 
and is soluble in thrice its weight of cold water. 


* Annals of Philosophy, xiii. 154. ¥ Phid. p. 155. 


¢ Choulant, ibid. p. 154. 

§ Robiquet, Ann. de Chim. et de Phys. v. 280. 

|| Pelletier and Caventou, Jour. de Pharm. v. 536. 
** Theoretical composition, 
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SECT. VI. 
SALTS OF STRYCHNIA. 


Tuts genus of salts is not better known than the preceding 
genus. Hitherto indeed they have been partially examined by 
Pelletier and Caventou, only, the discoverers of strychnia. 

1, They are all soluble in water, have an intensely bitter 
taste, and when taken internally, prove fatal by inducing te- 
tanos. 

2. When nitric acid is poured upon a salt of strychnia, and 
heat applied, the salt assumes a beautiful red colour. 

Sp. 1. Nitrate of strychnia. ‘To prepare this salt, we must 
dilute the acid with a great deal of water, and heat it with a 
quantity of strychnia, more than sufficient to saturate it. 
When this liquid is evaporated, it yields crystals of nitrate of 
strychnia, in pearl coloured needles, grouped together in the 
form of stars. Its taste is excessively bitter, and it acts with 
more violence upon the animal economy, than pure strychnia. 
It dissolves in much greater proportion in hot than in cold 
water. When heated, it becomes yellow, and when the heat 
is increased, it burns with considerable brilliancy. When 
strong sulphuric or muriatic acid is poured upon this salt, it 
assumes immediately a red colour.* 

Sp. 2. Carbonate of strychnia. This salt may be obtained 


‘by mixing an alkaline carbonate with a salt of strychnia. It 


precipitates in white flocks. It seems to be a sub-bicarbonate, 
It is but little soluble in water, but dissolves readily in carbo- 
nic acid gas.+ 

Sp. 3. Phosphate of strychnia. This salt crystallizes in four- 
sided prisms. When we attempt to prepare it by dissolving 


strychnia in phosphoric acid, the liquid still retains its pro- | 


perty of reddening vegetable blues. But this does not prevent 
the phosphate from separating in crystals.t 
Sp. 4. Sulphate of strychnia. This salt, when perfectly neu- 


tral, crystallizes in cubes. A small excess of acid gives it the | 
form of needles. Its taste is excessively bitter. It dissolves 


in ten times its weight of cold water, and is still more soluble 


in hot water. It is scarcely altered by exposure to the air. | 


When exposed to the temperature of 212° it becomes slightly 
opaque; but loses no weight. At a higher temperature it 


* Jour. de Pharm, v. 156. + Ibid. 1614. t Ibid. 156. 
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fuses, and then becomes a dry matter. By this process, it chap. 1. 


loses three per cent. which may be considered the water of 
crystallization, At a still higher temperature it is decomposed 
and charred. Its constituents, according to the analysis of 
Pelletier and Caventou, are as follows: 


LS EEO A RRs 
PRRVENMIA 06 shan wa ce GOD 


100°0* 

Remaining salts. The acetic, oxalic and tartaric acids form 
with strychnia neutral salts very soluble in water, and more or 
less capable of assuming regular crystalline forms. It is ob- 
vious from this that the salts of strychnia are not precipitated 
by the acetates, oxalates, or tartrates.+ 


SECT. VII. 
SALTS OF BRUCIA. 


_ Tue characters of this genus of salts are very similar to those 
of the salts of strychnia. They do not act with the same vio- 
lence on the animal economy, though their action is of the same 
nature, Nitric acid, when heated on them, give them a red 
colour, but the shade differs from that which the salts of strych- 
nia assume when treated in the same way. 

Sp. 1. Nitrate of brucia. This salt when neutral does not 
crystallize, but assumes when evaporated the appearance of 
gum. But the binitrate crystallizes very readily in four-sided 
prisms, terminated by bihedral summits. "When heated, it 
becomes red, then blackens, and burns like nitrate of strychnia.t 

Sp. 2. Phosphate of brucia. This salt does not crystallize, 
unless there be an excess of acid present. It then crystallizes 
very readily in the form of rectangular tables, with bevelled 
edges. It is very soluble in water. When exposed to the 
air, it efloresces slightly. It dissolves in very small quantity 
in alcohol.§ 

Sp. 3. Sulphate of brucia. This salt crystallizes in long 
slender needles, seemingly four-sided prisms, terminated by 
pyramids. Its taste is intensely bitter. It is very soluble in 


* Jour. de Pharm. v. p- 154. + Ibid. 161. 


+ Pelletier and Caventou, Jour. de Pharm. v. 542. 
§ Ibid. 541. 
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water, and sparingly soluble in alcohol. The brucia is thrown 


ee down from it by all the alkalies and alkaline earths, and like- 


General 
properties. 


wise by morphia and strychnia. But no acid tried is capable 
of decomposing it, except the concentrated nitric acid. But 
in this case the brucia is altered in its nature, and the usual red 
colour developed. The constituents of this salt, according to 
Pelletier and Caventou, are as follows: 


5) 751 al ees ER a be OS 
Mrucia ., <0 2 She eS Was b 55 
100°00 * 


Other species. Acetate of brucia is very soluble in water, 
and does not appear capable of crystallization. Oxalate of 
brucia crystallizes in long needles, at least when it contains an 
excess of acid.+ 


SECT. VIII. 
SALTS OF PICROTOXIA. 


Tuis genus of salts is still too imperfectly known to admit 
us to give characters by which it may be distinguished from 
the other recently discovered genera with which it is so nearly 
allied. 

1. The salts of picrotoxia are all soluble in water, and the 
solution has often a yellow colour. 

2. ‘The taste of all these salts is bitter. 

3. When an alkali or alkaline carbonate is dropt into them 
a white precipitate falls, which is the picrotoxia. 

1, Nitrate of picrotoxia. Nitric acid of the specific gravity 
1°38, diluted with twice its weight of water, dissolves (when 
assisted by heat) the fourth part of its weight of picrotoxia. 
When this solution is evaporated to one half, it becomes viscid 
and concretes on cooling into a transparent mass, similar to a 
solution of gum arabic. In this state the nitrate of picrotoxia 
has an acid and very bitter taste. If it be still farther dried 
in a temperature not exceeding 140°, it swells up, becomes 
opaque, and at last perfectly white, similar in appearance to 
calcined alum. If we keep it in this state at a temperature 
below that of boiling water, adding a little water occasionally, 
the whole excess of acid exhales, and the taste becomes purely 


* Pelletier and Caventou, Jour. de Pharm. p. 535. + Ibid. p. 543. 
wi 2 


SALTS OF PICROTOXIA. 477 


bitter. When this salt is washed in pure water, the acid is chap. 1. 
totally removed, and the picrotoxia separated in the state of ~~ 
fine white plates. 

2. Carbonate of picrotoxia. When carbonic acid gas is 
passed through water in which picrotoxia is suspended, a por- 
tion of the acid is absorbed by the alkali; for it afterwards 
dissolves in acids with effervescence. But no solution takes 
place. 

3. Phosphate of picrotoria. Phosphoric acid diluted with 
twice its weight of water dissolves but little picrotoxia while 
cold. When assisted by heat it acts with some energy, and 
the phosphate crystallizes on cooling like the sulphate, but 
the size of the crystals is smaller. Phosphate of picrotoxia, 
even after being well washed, gives a red colour to vegetable 
blues. It dissolves in 50 times its weight of boiling water, and 
the solution becomes almost solid on cooling. ‘The crystals 
are needles, retaining an excess of acid, and having an insup- 
portably bitter taste. 

4. Sulphate of picrotoxia must be formed by dissolving 
picrotoxia in dilute sulphuric acid; for the strong acid chars 
and destroys it. The solution crystallizes on cooling. The sul- 
phate of picrotoxia dissolves in 120 times its weight of boiling 
water. From this solution the salt gradually falls in fine silky 
needles possessed of great beauty. When dry it has a white 
colour, and feels elastic under the teeth, like plumose alum. 
It is composed of 


Suipurieneid 4. f . . DOD DPE ANG 
Pierotoxiad 2655.6. 2... SOO) ee Ag A5 
100°'00 


5. Acetate of picrotoxia. Acetic acid dissolves picrotoxia 
very well, and may be nearly saturated with it when assisted 
by a boiling heat. On cooling, the acetate precipitates in well 
defined prismatic needles. This acetate is soluble in 50 times 
its weight of boiling water. When the solution cools, the 
salt is deposited in crystals possessed of great beauty, light 
without any acid smell, and much less bitter than picrotoxia 
itself. It is decomposed by nitric acid, which disengages the 
acetic acid. Dilute sulphuric acid has no marked action on it. 

6. Oxalate of picrotoxia. Ovxalic acid next to acetic acid 
has the property of saturating picrotoxia most completely. 
The salt crystallizes in triangular plates, having a moderately 
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bitter taste. It dissolves in ten times its weight of boiling 
water, and is therefore the most soluble of all the salts of pi- 
crotoxia hitherto examined. | 

7. Tartrate of picrotoxia. Cold tartaric acid scarcely acts 
upon picrotoxia; but it dissolves that alkali when assisted by 
heat; and on cooling, the salt gradually separates in triangular 
needles. This salt has a very bitter taste. It is soluble in 
20 times its weight of boiling, and in 160 times its weight of 
cold water. Its aqueous solution, though much diluted, is 


precipitated by lime water.* 


SECT a IX. 


SALTS OF DELPHIA. 


Tus genus of salts is still more incompletely known than 
the preceding. ‘The salts belonging to it have a bitter taste, 
and do not seem much disposed to form crystals. 

_ 1. Nitrate of delphia. ‘This salt when made by dissolving 
delphia in very weak nitric acid is colourless. But when 
concentrated it assumes a yellow colour. When this nitrate 
is treated with an excess of acid, it is changed into a yellow 
matter, but little soluble in water. Boiling alcohol dissolves 
it with difficulty, and when potash, ammonia, or lime water, is 
added to this solution, no precipitate is formed. ‘The taste of 
this new body is bitter. It does not appear to contain any 
nitric acid, and yet it possesses no alkaline properties. It is not 


_altered by new doses of nitric acid, and cannot be converted 


into oxalic acid. 

2. Sulphate of delphia. ‘This salt does not crystallize; but 
when exposed to spontaneous evaporation dries into a trans- 
parent mass similar to gum. It dissolves readily in water 
and alcohol, and the solution has a bitter and acrid taste, 
which remains in the mouth for several hours. When a con- 
centrated solution of this salt is acted on by a galvanic battery, 
the salt is decomposed, the sulphuric acid being deposited at 
the positive pole, and the delphia at the negative pole in white 
flocks. 

3. Acetate of delphia when neutral does not crystallize; but 
dries into a hard transparent mass, having a very bitter and 


* Boullay, Jour. de Pharmacie, v. 10. 
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acrid taste. It is easily decomposed (like all the other ace- chap. 1. 
tates) by strong sulphuric acid. 

4. Oxalate of delphia has the form of white plates, and has 
the same taste as the other salts of delphia.* 


SECT» X: 


SALTS OF LIME. 


1. A CONSIDERABLE number of the salts of lime are inso- 
luble in water. Some of those which are soluble cannot easily 
be crystallized. 

2. When a salt of lime is insoluble in water, if we boil it Generat 
for some time in a solution of carbonate of potash, a white "Pe 
powder remains, which is soluble with effervescence in nitric 
acid, and which possesses all the characters of carbonate of 
lime. 

3. The soluble salts of lime are not altered by the addition 
of pure ammonia, but the addition of potash or soda occasions 
a se precipitate to fall, which is pure lime. 

- When oxalate of ammonia is dropped into a salt of lime, 
a a white precipitate immediately begins to make its ap- 
pearance; but citrate or tartrate of ammonia does not occasion 
an immediate precipitation. 

5. The salts of lime are not precipitated by ferrochyazate 
of potash; but some of them are precipitated when the infusion 
of nutgalls is mixed with them. 

Sp. 1. Nitrate of lime. ‘This salt has been long known to 1. Nitrate. 

chemists. Native nitre is almost always contaminated with it. 
It may be prepared by dissolving carbonate of lime in nitric 
acid; evaporating the solution to the consistence of a syrup, 
and then allowing it to cool slowly. The salt is precipitated 
in the state of crystals. 

Its crystals are six-sided prisms, terminated by long pyra- Properties. 
mids; but it is oftener obtained in the form of long slender 
brilliant needles. Its taste is very acrid and bitter. Its spe- 
cific gravity is 1:°6207.+ Scarcely any salt is more soluble in 
water. At the temperature of 60°, one part of water dissolves 
four parts of nitrate of lime, and boiling water dissolves any 
quantity of it whatever. Boiling alcoho! dissolves its own 


* Lassaigne and Feneulle: Ann. de Chim. et de Phys. xii. 358. 
+ Hassenfratz, Ann. de Chim. xxviii. 12. 
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weight of it.* Considerable difficulty attends its crystalliza- 
tion, as is the case with all very soluble salts. When ex- 
posed to the air, it very soon attracts moisture, and melts 
altogether. This strong affinity for moisture renders it some- 
times useful for drying the gases. ‘They are made to pass 
through tubes containing dried nitrate of lime; and this salt, 
during their passage through it, abstracts great part of the 
water which they hold in Soe 

This nitrate, when heated, readily undergoes the watery 
fusion. When the water of crystallization is siraecoma tel the 
salt becomes dry, and often acquires the property of shining | 
in the dark. In that state it was formerly known by the name 
of Balduin’s phosphorus; because this property of nitrate of 
lime was first pointed out by Balduin.j When strongly 


_ heated it is decomposed ; nitrous gas, oxygen gas, and azotic 


Composi- 
tion, 


2. Carbon- 
ate, 


Froperties, 


gas are emitted, and the pure lime remains behind. ‘This 
salt scarcely possesses the property of detonating with com- 
bustible bodies, in consequence probably of the great propor- 
tion of its water of crystallization. 

The following table exhibits the result of the experiments 
made to ascertain the constituents of this salt: 


Es § | “ eh 
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Total .. 100 100 100 100 100 


Sp. 2. Carbonate of lime. This substance, under the names 
of marble, chalk, limestone, &c. exists in great abundance in 
nature, variously mixed with other bodies. It is perhaps the 
most important and most generally used of all the salts, unless 
we except muriate of soda. Its properties of course have been 
very completely investigated. 

It is often found crystallized and perfectly transparent. The 
primitive form of its crystals is the rhomboidal prism with 


* Bergman, 1. 136. 

+ His account of it was published in 1675, under the title of Phosphorus 
Hermeticus, seu Magnes Luminaris. See also Phil. Trans. Ab. 11. 368. 

{ Bergman, 1. 136. § Kirwan, Nicholson’s Jour. ii. $15. 

|| Richter, Statique Chimique, 1. p. 136. 

** Wenzel, p. 84. tt Theoretical composttion. 
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angles of 101° and 781°. Its integrant particles have the Chap. 1. 


same form. But, besides the primitive, no less than 616 
varieties of its crystals have been discovered and described by 
mineralogists. It has scarcely any taste. Its specific gravity 
is about 2°7. It is insoluble in pure water; but water satu- 
rated with carbonic acid dissolves _ th part of it; from 
this solution it gradually precipitates, as the acid leaves it, in 
the form of a white powder.* — It suffers little or no alteration 
by being exposed to the air. When exposed to heat, it de- 
crepitates and loses its water, and afterwards its acid separates 
as the heat is increased: but to separate the acid completely, 
a pretty strong heat is required. 
Its component parts are as follows: 


t i § ] vie 
Acid .... 84 ....45 ....43°9 ...043°2 6... 43°14 
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Total . 5100 100 100 100 100 


Some very interesting experiments on the fusibility of this Fustbility. 


salt were made by Sir James Hall. The result was, that when 
the carbonic acid is prevented from making its escape by 
strong compression, the salt melts at a red heat, and assumes 
an appearance which has some resemblance to granular lime- 
stone. A pertion of the carbonic acid is usually dissipated. 
This portion is sometimes very small, and very often it does 
not exceed 4 or 5 per cent. Bucholz has verified these expe- 
riments in a very unexpected manner. He put 41 pounds of 
washed chalk (carbonate of lime with only 0005 of foreign 
matter) into a crucible, pressed it strongly down, and exposed 
it covered to a strong heat in a furnace. The chalk, except a 
small portion on the surface, was converted into a foliated, 
hard, yellowish mass, having considerable transparency, which 
_ evidently had undergone a commencement of fusion. It was 
obviously in a similar state with Sir James Hall’s carbonate 
of lime, and contained 42 per cent. of carbonic acid.++ Here 
the same effect was produced without compression. It must 


* Bergman, i. 26. + Bergman, Opusce. i. 23. 
{ Kirwan, Nicholson’s Journal, iii. 215. 
§ Dr. Marcet, Nicholson’s Journal, xx. 29. | By my analysis. 


** Theoretical composition. 
tt Gehlen’s Jour. 2d Series, i. 271. 
VOL. Il. ZI 
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have depended, no doubt, upon the degree of ‘heat to which 
the crucible was exposed. 

Sp. 3. Borate of lime. ‘This salt may be formed by mixing 
together lime-water and the aqueous solution of boracic acid, 
or by boiling together lime and pure borax in water. In either 
case, the borate of lime precipitates in the state of a white 
powder, tasteless, and difficultly soluble in water.* 

Sp. 4. Silicate of lime. The mineral called shalstem or 
table spar, which has hitherto been observed only in the Ban- 
nat of Temeswar and in Ceylon is a bisilicate of lime. It has 
a greyish white colour, a pearly lustre, a foliated fracture, is 
semitransparent and semihard, and is composed, according 
to the analysis of Klaproth, of 
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If we suppose it a compound of 2 atoms silica and 1 atom 
lime, its constituents would be 


Silica eeoeoevneevv0e02e202808280280288 @ @ 49°83 
Lime ®@eoeoevoeveteeooe 6 ee @ 45° 1 7 
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100°00 


Now this almost coincides with the analysis. 

The water, which amounts only to 0°4 of an atom, is pro- 
bably only mechanically mixed with the salt. 

Sp. 5. Borosilicate of lime. The mineral called datholite, 
discovered by Esmark, near Arendal in Norway, is a boro- 
silicate of lime. It hasa greyish or greenish white colour, 
and is found crystallized in flat rectangular four-sided prisms, 
having their angles truncated. It is semitransparent, pretty 
hard, has a resinous lustre, and a specific gravity of 2.980. 
Klaproth found it composed of 


lca, bait se EPA A ee 
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See on 
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* Bergman, ill. 363. + Gehlen’s Journal, vi. 107. © 
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Sp. 6. Phosphate of lime. Of this salt there are at least chap. 1. 
four subspecies, which may be obtained in a separate state. “> v— 
These are the phosphate, biphosphate, quadriphosphate, and phate. 
subphosphate. 

Subspecies 1. Phosphate. ‘This interesting salt, which con- 
stitutes the basis of bones, was pointed out by Scheele and 
Gahn in 1774; but for the first precise account of its pro- 
perties we are indebted to Ekeberg,* Fourcroy, and Vau- 
quelin.t 

As this salt constitutes the basis of bones, it is not neces- Prepar- 
sary to prepare it artificially. It may be obtained in a state” 
of purity by the following process: Calcine the bones to 
whiteness, reduce them to powder, and wash them repeatedly 
with water, to separate several soluble salts which are present. 
Dissolve the whole in muriatic acid, and precipitate by means 
of ammonia. The precipitate, when well washed and dried, 
is pure phosphate of lime. 

Phosphate of lime, thus prepared, is always in the state of Properties, 
a white powder. It is destitute of taste, insoluble in water, 
and not liable to be altered by exposure to the air. It may 
be exposed to a strong heat without undergoing any change ; 
but in a very violent heat it becomes soft, and is converted 
into a white semitransparent enamel, or rather porcelain. 
According to the experiments of Saussure, a heat of 378° 
Wedgewood is necessary to produce this effect.{ It is solu- 
ble in nitric and muriatic acid without effervescence, and 
may be again precipitated from them unaltered by muriate of 
ammonia. 

Sulphuric, nitric, muriatic, fluoric, and several vegetable 
acids are capable of decomposing phosphate of lime; but the 
decomposition is only partial. 

The following table exhibits the best experiments hitherto oo 
made on the composition of this salt : : 


§ I an 
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* Crell’s Annals, 1798, i. 323. + Mem. de l’Instit. ii. 274. 
¢ Jour. de Phys. xlv. 26. 
§ Ekeberg, correcting his data. Crell’s Annals, 1798, i, 331. 
|| Berzelius, Ann. de Chim. et Phys, ii. 168. 
** By my experiments, 
212 
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Subspecies 2. Biphosphate of lime. If we digest phosphate 
of lime in: pure phosphoric acid dissolved in hot water, the 
acid will be found to take up a quantity of phosphate con- 
taining exactly its own weight of phosphoric acid; but it re- 
fuses to dissolve any more. I consider, therefore, this solution 
as a biphosphate of lime. It has an acid and rather disagree- 
able harsh taste. When slowly evaporated to dryness, it does 
not crystallize, but forms a dry white mass, somewhat deli- 
quescent in the air and soluble in water, but not in acids. 
Before the blow-pipe it melts into a transparent tasteless glass, 
insoluble in water, and incapable of acting on vegetable blues. 
No acid dissolves it. : 

Subspecies 3. Quadriphosphate of lime. If phosphate of 
lime in fine powder be digested for some time with as much 
sulphuric acid as is capable of saturating the whole of the lime 
which it contains; if it be then diluted with a sufficient quan- 
tity of water and thrown upon a filtre, the liquid which passes 
through contains the whole of the posphoric acid * still com- 
bined with one-fourth of the lime which originally existed in 
the salt. The other three-fourths have been abstracted’ by 
the sulphuric acid, and remain upon the filter. This liquid, 
therefore, contains, in solution, a quadriphosphate of lime. 
This is the salt described by Fourcroy and Vauquelin, in 1795, 
under the name of superphosphate of lime. ~ When evapo- 
rated, it forms soft crusts, which have an acid taste, and are 
soluble in water. When heated, it readily melts before the 
blow-pipe into a transparent tasteless glass, insoluble in water 
and acids, and not affecting vegetable blues. This is the well- 
known substance from which phosphoric acid is made. It is 
sold by apothecaries under the name of glassy phosphoric acid. 
If it be mixed with a quantity of bicarbonate of potash and 
exposed to a red heat, it is decomposed and converted into 
phosphate of potash and common phosphate of lime. By this 
treatment 22 grains of common phosphate of lime may be 
obtained from 50 grains of the glassy salt. 

Subspecies 4. Subphosphate of lime. ‘This .salt occurs na- 
tive, and is known to mineralogists by the name of apatite or 
asparagus stone. It is usually crystallized in low six-sided 
prisms. Its colour varies, but is most commonly white or 
green. It has a great deal of lustre, which is resinous. Its 


* About a third of the phosphate of lime is not decomposed, but I ab- 
stract this quantity. 
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fracture is imperfectly foliated. It is soft, and its specific chap. 1. 
gravity varies from 2°824 to 32. According to the analyses of 
Klaproth and Vauquelin it is composed of 


‘ t 
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Sp. 7. Phosphite.of lime. ‘This salt has not yet been exa- 
mined. 

Sp. 8. Hypophosphite of lime. This salt is very soluble in 
water; but its properties have not been particularly examined. 

Sp. 9. Sulphate of lime. Of this salt there are two sub- 9. sutphate. 
species. ‘The first contains water, and is called common sul- 
phate: The second, which is destitute of water, is called anhy- 
drous sulphate. 

Subspecies 1. Common sulphate. This salt was well known common 
to the ancients under the name of gypsum; but the compo-“?™* 
sition of gypsum was not known till Margraff and Macquer 
analyzed it, and proved it to be a compound of sulphuric acid 
and lime. ‘The salt formed by the artificial union of these 
two bodies was formerly called selenite, probably from its 
whiteness. 

The properties of this salt were first examined with preci- Properties. 
sion by Bergman. It is found abundantly in different parts 
_ of the world, so that it is seldom formed artificially. When 
pure, it is frequently crystallized. The primitive form of its 
crystals is, according to Hatiy, a right angular prism with 
rhomboidal bases, whuse angles are 113° and 67°. Its inte- 
grant particles have the same form ; but it is more usually found 
crystallized in octahedrons, in six-sided prisms, with four- 
sided summits, or lenticular. These crystals are often exceed- 
ingly transparent. 

It has a slightly nauseous taste, scarcely perceptible, except 
by drinking a glass of water impregnated with it.{ It is so- 
luble in 460 parts of water at the temperature of 60,§ and in 
450 of boiling water. Mr. Paul has observed, that if this so- 
lution be saturated by pressure with hydrogen gas, the sul- 
phate in about six months is converted into a sulphuret. | 
The salt is not affected by exposure to the air. It is soluble 
in sulphuric acid. 


* Vauquelin, Jour. de Min. Ne. 37. p. 2. 
+ Klaproth, Beitrage, iv. 194. ¢ Macquer. 
§ Bucholz, Gehlen’s Journal, v. 165. , Phil. Mag. xv. 63. 
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When heated, it loses its water of crystallization, decrepi- 
tates, and falls into a soft white powder. This powder, when 
its water has been driven off by the application of a red heat, 
absorbs water very rapidly, and solidifies it; at the same time 
a slight increase of temperature takes place: so that if it be 
formed into a paste with water, it dries in a few minutes. In 
this state, but mixed with a portion of carbonate of lime, it is 
called Plaster of Paris, and is much employed for forming 
casts, &c. in consequence of this property. 

Sulphate of lime, when exposed to a violent heat, melts; 
before the blow-pipe it gives an opaque vitreous globule. The 
temperature necessary to produce this effect is, according to 
Saussure, 51° of Wedgewood.* 

The following table exhibits the best experiments hitherto 
made to ascertain the proportion of the constituents of this salt: 


t ‘i la i). es nee +t 
Acid ..,.43..56°58,.46,.57..57°57..58..57°97. .46°8 
Lime. 00033. 43°42. 032,43. 42°43. .42. 42°03. 33-9 
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Subspecies 2. Anhydrous sulphate. This subspecies is found 
native in different parts of the earth; Sweden, Tyrol, Berne, 
&c. It seems to have been first pointed out by Hauy. A 
specimen of it was described with much precision by Fleurieu 
in the Journal de Physique for 1798; and analyzed by Vau- 
quelin, who first ascertained its composition. It has since 
been described with more accuracy by Bournon,{{ and a purer 
specimen of it analyzed by Chenevix,§§ and more lately by 
Klaproth.| || 

It is usually crystallized. The primitive form of its crystals 
is a rectangular prism, having two of its faces broader than 
the other two. It has considerable lustre, and the broad faces 
have the appearance of pearl. Its specific gravity is about 
2°960. Its hardness is considerable, being not inferior to that 
of calcareous spar. It usually phosphoresces when heated. 


* Jour. de Phys. xiv. 16. t+ Bucholz, Gehlen’s Jour. v. 162. 
t Bergman, i. 135. § By my analysis. 

|| Klaproth, Gehlen’s Journal, i. 359. 

** Berzelius, Ann. de Chim, Ixxvil. 84. 

tt Theoretical composition. If Jour. de Min. An. x. ii. 345. 

§§ Ibid. p. 418. \| || Gehlen’s Jour. ii. 355, 
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It is transparent, insoluble in water, and in its other properties Chap. 11. 
agrees with common sulphate. pei 

In the proportions of its contituent parts it coincides exactly 
with common sulphate, excepting in the absence of water. 

Sp. 10. Sulphite of lime. ‘This salt was first mentioned by 10. sut- 
Berthollet, and described by Fourcroy and Vauquelin. a. 

When obtained by saturating carbonate of lime by sulphu- 
rous acid, it has the form of a white powder; but if an excess 
of sulphurous acid be added, it dissolves, and crystallizes on 
cooling in six-sided prisms, terminated by long six-sided py- 
ramids. It has scarcely any taste; however, when kept long 
in the mouth, it communicates to the tongue a taste which is 
manifestly sulphureous. It requires about 800 parts of water 
to dissolve it. When exposed to the air it eflloresces very 
slowly, and its surface is changed into sulphate of lime. When 
heated, it loses its water of crystallization, and falls to powder. 
A violent heat disengages some sulphur, and converts it into 
sulphate of lime. Its constituents are 

Acid .....0.+ 54°29 
LIME .6 0000, 45°71 


100°00 
Sp. 11. Hyposulphite of lime. When a solution of sulphuret 11. Hypoe 


of lime is exposed to the air it loses its colour in a few days, — 
and some sulphur and carbonate of lime precipitate, which 

are easily removed by the filter. When the liquid is evapo- 
rated, it yields crystals in prisms somewhat similar to the 
crystals of muriate of lime. These crystals may be preserved 

in the open air without undergoing any alteration. They are 
soluble in water, and consist of hyposulphite of lime.* 

Mr. Herschell has found that this salt may be obtained in 
considerable quantity by passing a current of sulphurous 
acid through the liquid formed by boiling a mixture of flowers 
of sulphur and quick lime in a sufficient quantity of water. 
When the liquid is evaporated at a temperature not exceeding 
130°, it yields on cooling large and beautiful crystals most 
commonly in the shape of irregular six-sided prisms, which 
refract doubly. Water, at the temperature of 37°, dissolves 
nearly its own weight of this salt, and the temperature falls to 
31°. The specific gravity of a solution saturated at 50° is 
1300, and when the specific gravity is 1°114371 at 60°, the 


* Gay-Lussac, Ann. de Chim. Ixxxv. 200. 
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solution contains 0°2081 of its weight of the salt. These 


“~— crystals are not altered by exposure to the air. They are in- 


13. Seleni- 
ate. 


14. Arseni- 
ate. 


soluble in alcohol of the specific gravity 0°82344. According 
to the analysis of Mr. Herschel this salt is a compound of } 
atom lime + 2 atoms hyposulphurous acid + 6 atoms water.* 
It is therefore a binhyposulphite, and its constituents are 


Hyposulphurous DOUG esa 36°641 or 6 
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Sp. 12. Hyposulphate of lime. This salt forms regular hexa- 
hedral plates grouped usually in roses,+ 

Sp. 13. Seleniate of lime. The neutral seleniate is very im- 
perfectly soluble in water. It precipitates by degrees when we 
dissolve carbonate of lime in selenic acid. It constitutes, when 
dry, a soft powder very similar to carbonate of lime. When 
heated to redness it melts, and if the fusion takes place in a 
glass vessel it corrodes the glass and gradually passes through 
It. 

The biseleniate is obtained by dissolving the seleniate in se- 
lenic acid. It crystallizes in small prisms which are not 
altered by exposure to the air. Ammonia deprives it of the 
half of its acid. Heat produces the same Gfiect. « 

Sp. 14. Arseniate of lime. When arsenic acid is dropped 
into lime water, arseniate of lime is precipitated; but if an 
excess of acid be added, the salt is redissolved, and yields, 
when evaporated, small crystals of arseniate of lime, which 
are insoluble in water, and decomposed by sulphuric acid. 
This salt may be formed also by dissolving chalk in arsenic 
acid, or by mixing the alkaline arseniates with the nitrate, 
muriate, or acetate of lime. Arseniate of lime, when heated, 
exhibits the same phenomena as arseniate of potash. The 
constituents of this salt, according to the analysis of Laugier,§ 
are as follows: 


Arsenic acid...... 67 
Tania Pipe ltt tg 23S 
100 


* Edin. Philosoph. Jour. i. 14. 

+ Gay-Lussac, Annals of Philosophy, xiv. 355. 
¢ Berzelius, Ann. de Chim. et de Phys. ix, 263. 
§ Ann. de Chim. Ixxxv. 58. 
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Supposing it a compound of 1 atom acid + % atoms base, Chap. u. 
it would consist of 


100 


Numbers which coincide with those of Laugier. 

Sp. 15. Arsenite of lime. A white insoluble powder. 

Sp. 16. Antimoniate of lime. This salt may be obtained by 
pouring a solution of antimoniate of potash into muriate of 
lime. It isa white powder, sparingly soluble in water. The 
precipitate assumes a crystalline form, precisely like that of 
carbonate of lime.* 

Sp. 17. Antimonite of lime. A white crystalline powder, very 
little soluble in water.+ . 

Sp. 18. Chromate of lime. This salt has been hitherto ex- 18. chro. 
amined only by Vauquelin. By evaporation it yields silky ™"* 
plates of a yellowish-brown colour, readily soluble in water. 
The fixed alkalies decompose it.t } 

Sp. 19. Molybdate of lime. This salt is obtained in the state 
of a, powder by dropping molybdic acid into the solution of 
lime in nitric or muriatic acids. It does not appear to be so- 
luble in water.§ 

Sp. 20. Tungstate of lime. 'This salt is found native, and is 20. Tug- 
known to mineralogists by the name of tungsten. It was first 
described, and gave its name to the metallic oxide and to the 
whole genus. It is usually crystallized; and from the obser- 
vations of Bournon, it appears that its primitive form is an 
octahedron composed of two four-sided pyramids, applied base 
to base: the faces are isosceles triangles; and the angle at the 
apex 44° 16”: each of the others 67° 52’.. The solid angle at 
the apex, taken on the faces, is 48°; taken on the edges of the 
crystal, 64° 29’, || ” 

It is of a yellowish-grey colour, and sometimes crystallized, 
and always somewhat transparent. The primitive form of its 
crystals, according to Haiiy, is the octahedron. Its specific 
gravity is about six, and its hardness is generally considerable. 

It is insoluble in water, and is fot sensibly altered by expo- 


* Berzelius, Nicholson’s Jour. xxxv. 41. ¢ Ibid. 45. 
} Ann. de Chim. lxx. 70. § Gren’s Handbuch, iii. 711. 
|| Bonrnon, Jour. de Min. An. xi, No. 75, p. 161. 
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sure to heat. According to the analysis of Berzelius,* it is 
composed of 


Tungstic acid ... 80°417 
DRC. 55 onion DO 


Ue S17 

Sp. 21. Acetate of lime. This salt was first described accu- 
rately by Crollius. ‘The ancients, however, used a mixture 
of lime and vinegar in surgery.t _It is easily formed by dis- 
solving chalk in acetic acid. When the solution is evapora- 
ted till a pellicle forms on its surface, it yields, on cooling, 
the acetate of lime in fine prismatic needles of a glossy appear- 
ance like satin. Its specific gravity is 1°:005. 

Its taste is bitter and sour, because it has an excess of acid. 
It is soluble in water. It is not altered by exposure to the 
air; at least Morveau kept some of it for a whole year merely 
covered with paper, and even quite uncovered for a month, 
without its undergoing any alteration.§ Heat decomposes it 
by disengaging and at the same time partly decomposing its 
acid. | 
The constituents of this salt, according to the experiments 
hitherto made, are as follows: 


| vie tt Eb sine gy 
Acid...... 64°3.. 6511... 65°75... 646... 63°75 


Base.....+ 35°7.. 34°89... 34°25... 35°4.. 36°25 
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Total. .... 100 100 100 100 100 


Sp. 22. Benzoate of lime. This salt forms white, shining, 
pointed crystals, of a sweetish taste, much more soluble in hot 
than in cold water. It exists in abundance in the urine of 
cows.|||| One hundred parts of cold water dissolve 5 parts of 
this salt. When heated it melts, gives out water and some 
benzoic acid. When the heat is increased an empyreumatic 
acid is separated similar to balsam of Peru.*** 

Sp. 23. Succinate of lime. This salt forms oblong, pointed, 


* Afhandlingar, iv. 305. + Plinii, lib. xxxvi. c. 24, 
{ Hassenfratz, Ann. de Chim. xxviii. 12. 
§ Morveau, Encycl. Method. i. 9. || Higgins on acetous acid, p. 47. 


‘** Richter, Statique Chimique, 1. p. 136. ff Wenzel, p. 150. 

{{ Berzelius, Annals of Philosophy, v. 174. 

§§ Theoretical composition. \||| Fourcroy and Vauquelin. 
*** Bucholz, Gehlen’s Journa) fur die Chemie, Physick, &c. ix. 348. 
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non-deliquescent crystals, which are difficultly soluble even in chap. 11. 
boiling water. It is not altered by exposure to the air. It is 
decomposed by muriate of ammonia, and by the fixed alkaline 
carbonates. 

Sp. 24. Moroxylate of lime. This salt was found on the 24. Moroxy- 
bark of a mulberry-tree in Naples. It is crystallized in short 
needles, not altered by exposure to the air. At the tempera- 
ture of the atmosphere, 100 parts of water dissolve 14 parts 
of this salt, and 31 at a boiling heat. It has a taste resem- 
bling succinic acid. When heated, it swells and emits a va- 
pour which irritates the organs of smell. Its solution precipi- 
tates acetate of lead, nitrate of silver, and nitrate of mercury. 

Sp. 25. Camphorate of lime. This salt may be prepared by 95. can- 
dropping into lime-water crystallized camphoric acid. The Pr: 
mixture is then to be made boiling hot, passed through a fil- 
ter, and evaporated to about 3ths of its volume. On cooling 
camphorate of lime is deposited. It has no regular shape; 
but if the evaporation has been properly conducted, it is in 
plates lying one above another. It is of a white colour, and 
has a taste slightly bitter. 

Water at the temperature of 60° dissolves very little of this 
salt; boiling water is capable of dissolving about ,1,th part of 
its weight of it. It is insoluble in alcohol. When exposed to 
the air, it dries and falls into powder. "When exposed, to a 
moderate heat, it melts and swells up; when placed on burn- 
ing coals, or when heated in close vessels, the acid is decom- 
posed and volatilized, and the lime remains pure. When 
sulphuric acid is poured into a solution of this salt, it produces 
an insoluble precipitate. Nitric and muriatic acids precipi- 
tate the camphoric acid. 

It is composed, according to Bouillon Lagrange, of 


50 acid 
43 lime 
7 water 


100 


Sp. 26. Boletate of lime. Described in p. 157 of this vol. 

Sp. 27. Suberate of lime, This salt does not crystallize. It 27. sube- 
is perfectly white; it has a saltish taste: it does not redden 
the tincture of turnsole. It is very sparingly soluble in water 
except when hot; and as the solution cools most of the salt 
precipitates again. When placed upon burning coals it swells 
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up, the acid is decomposed, and there remains only the lime 
in the state of powder.* 

Sp. 28. Oxalate of lime. Oxalic acid does not readily dis- 
solve lime, on account of the insolubility of the oxalate of that 
base; but the salt may be easily formed by dropping oxalic 
acid into any of the acid solutions of lime. The oxalate of 
lime immediately precipitates in the state of a white insipid 
powder, insoluble in water, and communicating a green colour 
to the syrup of violets. This salt is in the form of a white 
powder, tasteless, and perfectly insoluble in water. But it 
dissolves in almost all acids with considerable facility; of 
course, it is not precipitated from liquids if they contain an 
excess of acid. ‘The composition of this salt is as follows: 


‘ee S | a 
Acid ...... 62°5.. 62.. 61°345.. 56°25... 55°44 


Base. 2... 37°5.« 38... 88°655.. 49°75. 44°56 


a od ee oo 


Total......100°0 100 100:000 100:00 100-00 


No acid decomposes this salt completely except by destroy- 
ing the oxalic acid, nor any alkaline or earthy body; but the 
acid may be easily decomposed and driven off by the action of 
heat. Oxalate of lime is not rendered soluble by adding an 
excess of acid. Hence it is probable that no superoxalate of 
lime exists. 

Sp. 29. Mellate of lime. When mellitic acid is mixed with 
a solution of sulphate of lime, very small gritty crystals preci- 
pitate, which do not destroy the transparency of the water: 
but the addition of a little ammonia renders the precipitate 
flaky.t+ The precipitate produced by this acid in lime water 
is redissolved by the addition of nitric acid.‘ 

Sp. 30. Tartrate of lime. This salt may be formed by dis- 
solving lime in tartaric acid, or more economically by dissolv- 
ing tartar in boiling water, and adding to the solution carbo- 


* Ann. de Chim. xxiii. 53. ¢ By my analysis. 

t Berard, Ann. de Chim. Ixxiii. 265. 

§ Gay-Lussac and Thenard, Recherches Physico-chimiques, ii. 300. 

|| Vogel of Bayreuth, Annals of Philosophy, v. 30. 

** Theoretical composition. In all the analyses except Vogel’s the oxa- 
lic acid still retained a portion of water; of course the proportion of acid is 
stated in them too high. 

Tf Vauquelin, Ann. de Chim. xxxvi. 210. 

tt Klaproth’s Beitrage, iii, 131. 
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nate of lime in powder till it ceases to produce any efferves- Cher. It. 
cence, and to redden vegetable blues. ‘Tartrate of lime pre- . 
cipitates in the state of a white powder, tasteless, nearly in- 

soluble in cold water, but soluble in 600 parts of boiling 

water. It is rendered soluble in water by an excess of acid, 

or by being mixed with some of the soluble tartrates, as tar- 

tar and Rochelle salt. When in the state of a dry powder, it 
contains a very considerable portion of water, from which it 

can only be freed by a long exposure to heat. The constitu- 

ents of this salt are as follows: 


| = t { 8 
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Water .... 27°81 


100°00 100 100°000 100°00 


The crystals are composed of 1 atom of anhydrous salt + 
4: atoms water. 

Sp. 31. Tartrate of potash-and-lime. This salt was first 
pointed out by Thenard. It may be formed by pouring lime- 
water into the solution of tartrate of potash till a precipitate 
begins to appear, and then allowing the liquid to evaporate 
spontaneously. The triple salt gradually attaches itself to the 
sides of the vessel in crystals. | 

Sp. 32. Citrate of lime. This salt is formed by dissolving 32. citrate. 
carbonate of lime in citric acid. It is usually in the state of 
a white powder scarcely soluble in water; but it is soluble in 
an excess of acid, and may be obtained from that solution in 
crystals. The constituents of this salt are as follows: 


“* tt tt 
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100°00 100°00 100°00 


Sp. 33. Kinate of lime. 'This salt may be obtained by mace- 3s. Kinate. 


* Berzelius, Annals of Philosophy, v. 96. + By my analysis. 
t Gay-Lussac and Thenard, Recherches Physico-chimiques, 11. 304. 
§ Theoretical composition. || Ann. de Chim. xxxvili. 32. 


** Vauquelin, Fourcroy’s System, vii. 208. | 
++ Gay-Lussac and Thenard, Recherches Physico-chimiques, 11. 306. 
tt Theoretical composition. 
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rating yellow peruvian bark in water, concentrating the liquid, 
and setting it aside for spontaneous evaporation. 

It is white, crystallizes in square or rhomboidal plates, has 
no taste, and is flexible under the teeth. 

It dissolves in about five times its weight of water of the 
temperature of 55°. It is insoluble in alcohol. 

On burning coals, it swells, giving out the smell of tartar, 
and leaving a mixture of carbonate of lime and charcoal. 

The fixed alkalies and their carbonates precipitate lime from 
the solution of this salt, but ammonia produces no effect. Sul- 
phuric and oxalic acids precipitate lime likewise; but neither 
acetate of lead nor nitrate of silver produce any effect. 

100 parts of this salt dissolved in water require 22 parts of 
oxalic acid to precipitate all the lime. The oxalate of lime 
obtained amounted to 27 parts. Now the lime in 27 parts of 
oxalate amounts nearly to 17 parts. Hence the salt is com- 
posed of 


17 lime 
83 acid and water. 


100 


Sp. 34. Saclactate of lime. A white powder insoluble in 
water. 

Sp. 35. Urate of lime. A white powder scarcely distinguish - 
able in appearance from uric acid. 

Sp. 36. Malate of lime. When malic acid is neutralized with 
lime, it forms a salt scarcely soluble in water, which may be 
obtained in crystals, by allowing the supermalate of lime to 
evaporate spontaneously. Crystals of neutral malate are 
formed in the solution.* But this acid has a strong tendency 
to combine in excess with lime, and to form a supermalate of 
lime. This salt is formed when carbonate of lime is thrown 
into malic acid, or into any liquid containing it. ‘This super- 
salt exists in various vegetables, especially the sempervivum 
tectorum, and some of the sedums. 

Supermalate of lime has an acid taste. It yields a precipi- 
tate with alkalies, sulphuric acid, and oxalic acid. Lime 
water saturates the excess of acid, and throws down a precipi- 
tate of malate of lime. When the supermalate of lime is eva- 
porated to dryness, it assumes exactly the appearance of gum 


* Scheele, Crell’s Annals, ii. 5. Eng. Trans. 
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arabic; and if it has been spread thin upon the nail or wood, Chap. 11. 
it forms a varnish. It is not so soluble in water as gum ara- 
bic, and the taste readily distinguishes the two. Supermalate 
of lime is insoluble in alcohol.* This salt always reddens 
vegetable blues. 

Sp. 37. Formate of lime. A crystallizable salt not altered by 
exposure to the air.t 

Sp. 38. Lactate of lime. This salt may be obtained by the ss. ractate. 
process described while treating of lactic acid. It is a gummy 
mass, which, when digested in alcohol, is divided into two 
portions. 1. A pure lactate of lime is dissolved, and gives a 
shining varnish inclining to a light yellow colour, which, 
when slowly dried, cracks all over and becomes opaque. 2. 
The insoluble portion is a submalate. It is a powder which, 
by exposure to the air, becomes smooth like gum, or like ma- 
late of lime.§ The lactate when sufficiently concentrated forms 
confused crystals which resemble cauliflower. It is very white, 
opaque, has little taste, and as it were efflorescing. It dis- 
solves in 21 times its weight of cold water. When heated it 
melts into a transparent liquid, then swells, blackens, takes 
fire, and leaves carbonate of lime.|| 

Sp. 39. Gallate of lume. This salt is soluble in water; but 
it has not been particularly examined. | 

Sp. 40. Tannate of lime. This salt is insoluble in water, but 
it has not been particularly examined. 


The composition of the salts of lime is easily determined by 
considering them as composed of 1 atom lime + one atom of 
each of the acids. An atom of lime weighs 3°625, and the 
weight of the acids has been given in a preceding chapter. 

Of all the salts of lime the carbonate is undoubtedly the 
most useful. It is from it that all the lime is obtained which 
is employed in such quantities as a manure, as a cement for 
building, and for many other well known uses. Next to the 
carbonate perhaps the sulphate should be placed. It is an 
excellent manure for clover; is employed as stucco, cut into 
ornaments, &c. Some of the other salts of lime, as the oxa- 
late, are useful in analyses. ‘The phosphate of lime constitut- 


* Scheele, Vauquelin, Ann. de Chim. xxxv. 54. 

+ Margraft’s Opuse. i. 310. { P. 198 of this vol, 
§ Berzelius, Djurkemien, ii. 437. 

|| Braconnot, Ann. de Chim, Ixxxvi. 87. 
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ing the earth of bones, and existing in animal liquids, is an 


.~—/ interesting substance to the physiologist. . But the greater 


General 
properties 


a Nitrate 


number of the salts of lime have not hitherto been applied 
to any useful purpose whatever. 


SECT. X. 
SALTS OF BARYTES. 


1. A STILL greater proportion of salts of barytes are inso- 
luble in water than of the salts of lime. 

2. They are white or transparent, and in general affect a 
crystalline form. 

3. If alittle of the solution of sulphate of soda be let fall 
into a salt of barytes, a white powder immediately precipi- 
tates, which is insoluble in nitric acid. 

4. When heat is applied to a salt of barytes, it is not com- 
pletely dissipated. If the acid be combustible, carbonate of 
barytes remains behind; if the acid be not combustible or 
volatile, the salt remains behind undecomposed. 

5. Ferrochyazate of potash occasions no precipitate in a 
salt of barytes; unless the acid happens to contain a metallic 
basis. The same remark applies to hydrosulphuret of potash 
when dropped into a salt of barytes. 

6. Most of the salts of barytes are poisonous. 

Sp. 1. Nitrate of barytes. 'This salt was formed immediately 
after the discovery of barytes. Wauquelin has added conside- 
rably to our knowledge of its properties. It is usually pre- 
pared by dissolving native carbonate of barytes in nitric acid, 


or by decomposing sulphuret of barytes by means of nitric | 


acid, and evaporating the filtered solution till the nitrate crys- 
tallizes. 

Its crystals are regular octahedrons, and often they adhere 
to each other in the form of stars. The summits of the py- 
ramids are often truncated. Sometimes it crystallizes in three- 
sided tables with the angles truncated. Sometimes it is ob- 
tained in small brilliant plates. Its specific gravity is 2°9149.* 
It is very easily reduced to powder. 

Its taste is hot, acrid, and austere. It is soluble in 12 parts 
of water at the temperature of 60°, and in about 3 or 4 parts 
of boiling water. As the solution cools, the salt may be ob- 
tained in crystals. It is but little altered by exposure to the 


* Hassenfratz, Ann. de Chim. xxviii, 12. 
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air. When thrown on burning coals it decrepitates, under- chap. 1. 
goes a kind of fusion, and then becomes dry. When strongly 
heated in a crucible, the whole of the acid is gradually driven 
off, and the barytes remains pure. It detonates less violently 
with combustibles than most of the other nitrates. 

The constituents of this salt have been determined by 
chemists as in the following table : 


SW Capen bas g 
EI waverents SE nae. BR tome SD cers BOO] Compost. 
Base 200), 57 (04, . so00 DO Pe] «++. 59°09 i 
Valen. hl hbo 


o--—— omeeent a aw (en vg 


100 100 100 100°00 


The crystals consist of 1 atom anhydrous salt + 2 atoms 
water. 


Sp. 2. Nitrite of barytes. Not examined. 

Sp. 3. Carbonate of barytes. This salt seems first to have s. carbon 
been examined by Bergman. Withering first found it na- ** 
tive in 1783. Hence it has received the name of Witherite. 
Since that time it has been examined by Kirwan, Klaproth, 
Hope, Pelletier, F ourcroy, Vauquelin, and Berzelius, and its 
properties described with great precision, It may be pre- 
pared artificially by exposing barytes water to the open air, or 
by passing carbonic acid gas into it. In either case the car- 
bonate precipitates in the state of a white powder. 

It is found native crystallized. Its crystals have been ob- 
served to assume four different forms; double six-sided and 
double four-sided pyramids, six-sided columns terminated by 
a pyramid with the same number of faces, and small radiated 
crystals half an inch in length and very thin, appearing to be 
hexagonal prisms rounded towards the point. It has no sen- 
sible taste ; yet it is poisonous. Its specific gravity, when 
native, is 4°331; when prepared artificially, it scarcely ex- 
ceeds 3°763. 

Cold water dissolves tso7 part, and boiling water ,_ part 


2304 


of this salt. Water saturated with carbonic acid dissolves 
stp part.|| It is not altered by exposure to the air. It is de- 


Properties, 


* Kirwan, Nicholson’s Journal, iii. 215. 
+ Fourcroy and Vauquelin, Ann. de Chim. 
t Richter, Statique Chimique, i. 236. 
§ Theoretical composition, 
|| Fourcroy, Ann. de Chim. iy. 64. 
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Book If. composed by the application of a very violent heat,* either in 
Division Tl. | black lead crucible, or when formed into a paste with char- 


Composi- 
tion. 


6. Phose 
phite. 


Prepara- 
tion. 


Properties. 


coal powder. 
The constituents of this salt, according to the experiments 
of different chemists, are as follows: 


t t § | mi 
AB B08 a DUCT ies 22 sos CUO na ome 
Base 02) 1 a0 ey 9898". aon 8 os oT eel 


cmos ae ee ae ———es eee — 


100 100°00 100 -100°0 100 


Sp. 4. Borate of barytes. An insoluble white powder, 
which has scarcely been examined, formed by the same pro- 
cess as borate of lime. 

Sp. 5. Silicate of barytes. No compound of silica and 
barytes is at present known in the mineral kingdom. But 
silicate of barytes is easily formed by pouring barytes water 
into a solution of silicate of potash, silicate of barytes imme- 
diately precipitates in the state of a white powder. 

Sp. 6. Phosphate of barytes. It appears from the late ex- 
periments of Berzelius that there are three subspecies of this 
salt, the phosphate, biphosphate and sesquiphosphate. 

Subspecies 1. Phosphate. It may be prepared either by sa- 
turating phosphoric acid with barytes or carbonate of barytes, 
or by mixing together an alkaline phosphate and nitrate or 
muriate of barytes.- In either case the phosphate of barytes 
precipitates immediately in the form of a white powder. 

This salt is tasteless, uncrystallizable by art, insoluble in 
water, and not altered by exposure to the air. Its specific 
gravity is 1:2867.+¢+ When strongly heated it melts into a 
grey-coloured enamel. 

Its constituents, according to the experiments of Berzelius, 
are as follows : 


Base ......-. 214°46 


* Dr. Hope. + Withering. 
{ Aiken, Nicholson’s Jour. xxii. 303. 

- § Kirwan, Nicholson’s Quarto Jour. 1. 215. 
|| Berzelius, Ann. de Chim, Ixxviii. 29. 
** Theoretical composition. 
+t Hassenfratz, Ann. de Chim. xxvin, 12. 
{{ Ann. de Chim. et Phys. i, 153. 
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Subspecies 2. Biphosphate. Berzelius dissolved phosphate cha 


of barytes in phosphoric acid, till the liquid refused to take 
up any more. ‘The solution being evaporated spontaneously 
deposited white crystals, which when separated from the liquid 
resembled crystals of muriate of barytes. They contain water 
of crystallization. They have a taste similar to that of the 
muriate, but at the same time acid. This salt reddens vege- 
table blues. When heated sufficiently it swells into a porous 
mass like burnt alum. Water decomposes this salt, by dis- 
solving the excess of acid. It contains exactly twice as much 
acid as the neutral phosphate; or it is composed of 2 atoms 
acid + 1 atom barytes.* 

Subspecies 3. Sesquiphosphate. This salt is obtained when 
a solution of the preceding salt is poured into alcohol. A 
bulky precipitate falls. When dried it isa light, white, taste- 
less powder. It is composed of 11 atom acid + 1 atom of 
barytes, or, which comes to the same thing, of 3 atoms acid + 
2 atoms barytes.+ 


4.99 


p. If, 


Sp. 7. Phosphite of barytes. Berzelius prepared this salt 7. Phos- 


by pouring muriate of barytes into a solution of phosphite of 
ammonia. No precipitate appeared at first; but in 24 hours 
the glass was covered with a crust of phosphite of barytes. 
When washed and dried, its composition, according to the 
experiments of Berzelius, was 


Phosphorous acid ...... 24°31 

| DTS eaten esaacals 67°24: 

Mite, tite ENO sep 8°45 
100°00 t 


Now if we consider it as a compound of 1 atom phosphorous 
acid, 1 atom barytes, and 1 atom water, its composition will be 


Phosphorous acid ...... 24°35 


Prarytes ei, OF) 4% PL. CBZ 
Water .4...5. 4 ADULISOER OF PRS 
100°00 


Sp. 8. Hypophosphite of barytes. Avery soluble salt, which 
crystallizes with difficulty.§ 


* Berzelius, Ann, de Chim, et Phys. ii. p. 154. 

Tt Ibid. p. 156. 

${ Ann. de Chim. et Phys. ii. 231. 

§ Dulong, Ann. de Chim, et Phys, ul. 142. 
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Sp. 9. Sulphate of barytes. This salt is found abundantly 


Division 1. +s 
‘vision Hin different parts of the earth, and was formerly denominated 
9. Sulphate. ponderous spar, from its great weight. Its composition was 


Properties. 


first ascertained by Gahn. 

Haiiy has shown that the form of its integrant particles is 
a right-angled prism, whose bases are rombs with angles of 
1014° and 784°. The primitive form of its crystals is the 
same; but it occurs native in a variety of other forms. It can- 
not be crystallized by art. This salt is insoluble in water, or 
at least only soluble in 43000 times its weight of water at the 
temperature of the atmosphere.* Sulphuric acid dissolves it 
when concentrated and boiling, but it is precipitated by the 
addition of water.+ 

When suddenly heated, it breaks in pieces and flies about 
with a crackling noise. This phenomenon, which is called 
decrepitation, is occasioned by the sudden conversion of the 
water which it contains into steam. When heated very vio- 
lently it melts, and before the blow-pipe is converted into a 
white opaque globule. According to Saussure, a heat equal 
to 35° Wedgewood is required to fuse it.{ When formed into 
a thin cake with flour and water, and heated to redness, it 
phosphoresces in the dark. This was first observed in a va- 
riety of this substance known by the name of Bologna stone. 
Lemery informs us, that the property was discovered by an 
Italian shoemaker named Vincenzo Casciarolo. This man 
found a Bologna stone at the foot of Mount Paterno, and its 
brightness and gravity made him suppose that it contained 
silver. Having exposed it to the fire, doubtless in order to 
extract from it the precious metal, he observed that it was 
luminous in the dark. Struck with the discovery, he repeated 
the experiment, and it constantly succeeded with him. It is 
evident that by the calcination it must be converted, at least 
partly, into sulphuret. 

The following table exhibits the result of the best experi- 
ments hitherto made to ascertain the composition of this salt. 


* Kirwan’s Min. 1. 136. 

+ Thus it forms a kind of supersulphate, capable of crystallizing, as 
Withering first observed. Mr. Hume has also mentioned it in Phil. Mag. 
xiv. 357. The fact was well known to chemists. This solution, however, 
is but very imperfectly entitled to the name of supersulphate of barytes ; 
as it parts with its excess of acid at a moderate heat, which by no means 1s 
the case with supersulphate of potash. 

{ Jour. de Phys. xlv. 15. 
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Pea ef t § — 
Acid ....32 .. 33 .. 33°96 .. 34 .. 323). ¢ 33°9 


Base 43.468 .. 67 .. 66°04 .. 66... 67°72". . 661 bie 


ed ed eecaeene ey eee ee one Guerre 


100 100 100:00 100 100°0 100°0 


Sp. 10. Sulphite of barytes. This salt was mentioned by 
Berthollet ; but it was first described by Fourcroy and Vau- 
quelin. When prepared by precipitation, it is in the state of 
a white powder ; but it may be obtained crystallized in opaque 
needles, or in transparent tetrahedrons with their angles 
truncated, by dissolving it in sulphurous acid and evaporating 
slowly. It has but very little taste. Its specific gravity is 
1°6938.++ It is insoluble in water. 

When heated strongly, sulphur is disengaged, and sulphate 
of barytes remains. A long exposure to the air is necessary 
before it is converted into a sulphate. Its constituents are, _ 

+e §§ 
Seid. s 3 160 «e+. LOO 
Base.... 241°79 .... 243°75 
Water... 4°91 

Sp. 11. Hyposulphite of barytes. This salt may be obtained 
by pouring muriate of barytes into a concentrated solution of 
hyposulphite of lime. It falls in the state of a”white brilliant 
scaly powder. It is very slightly soluble in water. When the 
muriate of barytes is poured into dilute hyposulphite of lime, 
no precipitate appears at first, but small crystalline grains 
gradually fall, speedily followed on brisk agitation by a copious 
separation of the barytes salt. Mr. Herschell, to whom we are 
indebted for every thing at present known concerning this 


salt, considers it to be a binhyposulphite. ||||_ Hence its con- 
stituents must be 
RN OT dea! ae Dre a 6 
Barytes..... Adige OTS 
bGT5 


* Vauquelin, Ann. de Chim. |. 168. 

+ Kirwan and Klaproth, Gehlen, v. 515. 

} Aiken, Nicholson’s Jour. xxii. 304. 

§ Fourcroy, iii. 25; and Berzelius, Ann. Chim. lxxviii. 30. 

| Berard, Ann. de Chim. Ixxi. 69. 

** Theoretical composition. 

tt Hassenfratz, Ann. de Chim. xxviii, 12. 

tt Berzelius, Ann. de Chim. Ixxvii. 83. 

§§ Theoretical composition. l| || Edin. Philos. Jour. i. 20. 
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Sp. 12. Hyposulphate of barytes. This is a soluble salt, 
which is capable of crystallizing. But its properties have not 
been described. * 

Sp. 13. Seleniate of barytes. The neutral salt is a white 
powder insoluble in water, and not altered by exposure to the 
heat at which glass melts, It is soluble in the strong mineral 
acids. 

Biseleniate of barytes is obtained by dissolving carbonate of 
barytes in selenic acid till all effervescence is at an end. — It 
crystallizes in round transparent grains. It is soluble in 
water. According to the analysis of Berzelius,}+ the neutral 
seleniate is composed of 


Selenic acid .......... 100 
APVICS si hcscesccwee. LOT 


Biseleniate of 


Selenic acid .......... 100 
Barytes‘i/..... thet ys) geese 3 


Sp. 14. Arseniate of barytes. This salt was formed by 
Scheele by dissolving barytes in arsenic acid. When the sa- 
turation was nearly completed, the salt precipitated in the 
state of an insoluble powder. It may be formed also by mix- 
ing arseniate of potash with nitrate or muriate of barytes. 
This salt is insoluble in water, except there be an excess of 
acid. When exposed to a violent heat, it shows a tendency 
to melt, but is not decomposed.{ According to Laugier § it 
is composed of 

Amsenioacidis i yd. St 
Borytesa! saouedais aad 66 


If we suppose it a compound of 1 atom acid + 3 atoms 
barytes, its constituents must be 


utiles... Giri et 
Darytes ...%. soso O86 
100°00 


Sp. 15. Arsenite of barytes. A white insoluble powder. 


* Gay-Lussac, Annals of Philosophy, xiv. 353. 
+ Ann. de Chim. et de Phys. ix. 261. 
I Scheele, i. 163. § Ann. de Chim. Ixxxv. 58. 
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Sp. 16. Antiumoniate of barytes. ‘This salt may be formed Chap. u. 
by mixing antimoniate of potash with muriate of barytes. It 7 Yan 
is a light flocculent white powder quite insoluble in water. It moniate. 
is not altered by exposure to the air; but nitric acid when 
boiled with it slowly extracts all the barytes.* 

Sp. 17. Antimonite of barytes. When antimonite of pot- 
ash is added drop by drop to a boiling solution of muriate of 
barytes, the antimonite of barytes crystallizes gradually on the 
side of the vessel, in the form of small white needles of a silky 
brilliancy. This salt is slightly soluble in water and is not 
altered by exposure to the air.+ 

Sp. 18. Chromate of barytes. ‘This salt has been examined 18. chro- 
by Vauquelin ¢ and John.§ It is easily obtained by drop-™* 
ping chromic acid, or chromate of potash into muriate of 
barytes. The salt precipitates in the form of a light, yellow, 
insoluble powder. According to the analysis of Vauquelin, 
it is composed of 

Chrome atidanijee oh oon 4Or le 
Barytesthios nopcasde ot «+ 59°84 


100°00 


If we consider it as composed of 1 atom acid + 1 atom 
barytes, its constituents must be 


Chromic‘acid 462i <6ass. o> 40 
TFA VEES fe odie edi g hats twig « »« 60 
100 


Proportions which approach very closely to Vauquelin’s 
analysis. 
Sp. 19. Tungstate of barytes. An insoluble powder, not 
examined. || 
Sp. 20. Acetate of barytes. This salt may be formed by 20. acetate. 
dissolving barytes or its carbonate in acetic acid, or by decom- 
posing the sulphuret of barytes by that acid. By spontaneous 
evaporation the acetate crystallizes in fine transparent pris- 
matic needles. Its specific gravity is 1°828.** It has an acid 
and somewhat bitter taste; it is soluble in water, and does not 
deliquesce when exposed to the air, but rather effloresces, It 


* Berzelius, Nicholson’s Jour. xxxv. 46. + Ibid. p. 45. 
{ Ann. de Chim. lxx. 70. § Annals of Philosophy, iv. 426. 
|| Scheele’s Memoires, ii. 90. 

** YWassenfratz, Ann. de Chim. xxviii. 12. 


504 


Book If. 
Division If. 


23 ° Came 
phorate. 


SALTS. 


is decomposed by the fixed alkalies,* by the alkaline car- 
bonates, and by almost all the sulphates. Hence it is often 
employed to detect the presence of sulphuric acid in solutions. 
From the experiments of Bucholz, it appears, that 100 of 
water at the temperature of 60° dissolve about 88 of this salt, 
and 96 parts when boiling hot. Pure alcohol dissolves +1, 
part of its weight while cold, and heat scarcely increases the 
solvent power of this liquid.+ The constituents of this salt 
are as follows ; 


S | te 
INCI i od og DO? wo os BOOB ao cle NAGE T co ki. Oo' G4 
Base 41.0600(08..\nes C0102 % cus BOBS & ach 60°46 
WHEY og 7 
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Total G.<..100 100°00 100:00 100°00 


Sp. 21. Benzoate of barytes. This salt crystallizes, is solu- 
ble in water, not altered by exposure to the air, but decom- 
posed by heat and by the stronger acids, 

Sp. 22. Succinate of barytes. This salt, according to Berg- 
man, is difficultly soluble in water. It may be obtained by 


dropping succinate of ammonia into muriate of barytes. It 


partly precipitates, and is partly deposited in small crystals on 
the sides of the vessel. 

Sp. 23. Camphorate of barytes. In order to prepare this 
salt, barytes is to be dissolved in water, and camphoric acid 
added to the solution; the mixture is then to be boiled, and 
afterwards filtered and evaporated to dryness. Camphorate 
of barytes does not crystallize; when the evaporation is con- 
ducted slowly, the salt is deposited in thin plates one above 
another, which appear transparent while immersed in the 
liquor, but become opaque whenever they come into contact 
with the air. It has very little taste, though it leaves at last 
upon the tongue a slight impression of acidity mixed with 
bitterness. Water dissolves only a very small quantity of this 
salt, boiling water being capable of taking up only ,1,,th part 
of it. It is not altered by exposure to the air. When ex- 
posed to heat, it melts easily, and the acid is volatilized. When 


* D’Arcet, Ann. de Chim. Ixi. 247, + Beitrage, ii. 102. 

{ Bucholz, Beitrage, ii. 102, § Richter, Statique Chimique, 136, 
| Gay-Lussac and Thenard ; Recherches Physico-chimiques, ii. 309, 
** Theoretical composition. 
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the heat is considerable, the acid burns with a lively blue chap. 11, 
flame, which becomes red and at last white.* 

Sp. 24, Boletate of barytes: This salt contains an excess of 
acid, crystallizes in white plates, and is but little soluble in 
water, or even in nitric acid. When thrown on a plate of 
red hot iron it burns with a red flame and remarkable scintil- 
lation, leaving carbonate of barytes.t 

Sp. 25. Suberate of barytes. This salt does not crystallize. 
Heat makes it swell up, and melts it. It is scarcely soluble 
in water except there be an excess of acid. It is decomposed 
by most of the neutral salts except the barytic salts and the 
fluate of lime. t 

Sp. 26. Oxalate of barytes. When oxalic acid is dropped 2¢. oxalate. 
into barytes water, a- white powder precipitates, which is 
oxalate of barytes. It is insipid and insoluble in water. If 
an excess of acid be added, the powder is again dissolved, and 
small needle-form crystals are deposited on the sides of the 
vessel. ‘These are superoxalate of barytes. The same crys- 
tals make their appearance when oxalic acid is dropped into 
concentrated muriate or nitrate of barytes; but if these solu- 
tions are largely diluted with water, no precipitate appears. 
When the superoxalate of barytes is boiled in water, the ex- 
cess of acid is removed, and the salt falls down in the state of 
a white powder. § 

The constituents of this salt are as follows : 


\PRANG-ACML 6 «ate ssitiecvne 91°C? 
PIER oop. atals ea disco oO Q28R 


100°00 


Sp. 27. Mellate of barytes. When mellitic acid is dropped 27. memate. 
into acetate of barytes, a flaky precipitate appears, which is 
dissolved by adding more acid. With muriate of barytes it 
produces no precipitate ; but in a short time a group of trans- 
parent needle-form crystals is deposited, consisting most likely 
of supermellate of barytes. 


* Ann. de Chim. xxvii. 28. 

+ Braconnot, Ann. de Chim. Ixxx. 279, 

$ Ann. de Chim. xxiii. p. 52. 

§ Bergman, i: 263. See also Fourcroy and Vauquelin, Mem. de l’Instit, 
iW. 60. and Darracq, Ann. de Chim. xl. 69. 
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| Book. Sp.28. Tartrate of barytes. When concentrated solutions 

Cision Hof tartrate of potash, and nitrate of barytes, are mixed, a pre- 

28. Citrate. cipitate of tartrate of barytes falls in small granular crystals. 
‘They are nearly tasteless, but leave a slight saline impression in 
the mouth. Water dissolves a very small proportion of these 
crystals, and acquires the same taste. ‘The residual liquid gra- 
dually deposites transparent crystals of tartrate of barytes, in 
four-sided prisms, with square bases. 

28. Citrate. Sp. 28. Citrate of barytes. When barytes is added to a so- 
lution of citric acid, a flaky precipitate appears, which is at 
first dissolved again by agitation; but remains permanent 
when the saturation is complete. ‘The citrate of barytes, thus 
formed, is precipitated in the state of a white powder; but it 
gradually assumes the appearance of silky flakes, or forms a 
kind of vegetation very brilliant and beautiful. It requires a 
great quantity of water to dissolve it. This salt, according to 
Vauquelin, is composed of 


50 acid crystallized 
50 barytes 


100* 


If we suppose it a compound of 1 atom acid + 1 atom ba- 
rytes, its component parts must be 


Citmiesagidl... adasae 4:3°06 
ISATHIES « fain Reeistepsiens 56°94 
100°00 — 
Sp. 30. Saclactate of barytes. A white powder insoluble in 


water. 

Sp. 31. Urate of barytes. A white powder scarcely distin- 
guishable from uric acid. 

Sp. 32. Malate of barytes. This salt is similar in its pro- 
perties to malate of lime, and usually contains an excess of 
acid; though it may be obtained in the state of a white pow- 
der which is perfectly neutral. 

ee Sp. 33. Formate of barytes. This salt is readily obtained 

te: in crystals. ‘These crystals are transparent, and consist of four- 
sided oblique angled prisms, terminated in four-sided pyra-— 
mids. The lustre of these crystals is adamantine. They are | 


* Fourcroy, vil. 207. 
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not altered by exposure to the air. From the experiments of Chap. u. 
Gehlen compared with those of Berzelius on formic avid; it ap- “~~ 
pears that these crystals contain no water of crystallization, 
and that they are composed of 1 atom acid + 1 atom base, or 
by weight of 

Pormie: aed pays guy's  BI21 

Reaptes ce he ha ea OTD 


100°0* 

Sp. 34. Lactate of barytes. This salt may be obtained in 34. Lactate. 
the same way as lactate of lime. When evaporated it affords 
a gummy mass. Alcohol dissolves a portion of this matter, 
which is neutral lactate. There remains behind a sublactate, 
which is doughy, and has a browner colour than the neutral 
salt. The alcohol solution by evaporation leaves a mags nearly 
colourless, which hardens into a stiff but not brittle varnish. 
It does not crystallize.+ 

Sp. 35. Gallate of barytes. 

Sp. 36. Tannate of barytes. he first of these salts is so- 
luble, the second insoluble in water. The gallate cannot be 
obtained in a solid state. When we evaporate the liquid the 
acid is decomposed. . 


ee __ 


The composition of the salts of barytes is easily determined 
by considering them as compounds of 1 atom barytes with 1 
atom of each of the acids. ‘The weight of an atom of bary- 
tes is 9°75, and the weight of an atom of each of the acids has 
been given in a preceding chapter. 

Several of the salts of barytes are of considerable import- 
ance in chemical experiments, as they afford us the means of 
separating sulphuric acid completely from solutions. Advan- 
tage has been taken of the insolubility of sulphate of barytes 
to obtain certain substances in an instilated state, which do not 
yield to other methods of operation. Thus Mr. Porrett, by 
means of this salt, obtained ferrochyazic acid in a state of pu- 
rity, and Gay-Lussac, by the same means, was enabled to as- 
certain the properties of chloric acid. 

Some of the salts of barytes were formerly employed in me- 
dicine, but the good qualities for which they were recommended 


* Gehlen, Schweigger’s Jour. iv. 14. 
+ Berzelius, Djurkemien, ii. 436. 
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do not seem to have been confirmed by the trials that have 


Uwsion tl been made. At present, therefore, scarcely any of these bo- 


General 
properties. 


1. Nitrate, 


Properties. 


dies are applied to any useful purpose connected with domes- 
tic economy. | 


SECT. XI. 


SALTS OF STRONTIAN. 


1. THE salts of strontian are in general more soluble than 
the salts of barytes ; but less so than the salts of lime. 

2. The greater number of them are capable of assuming a 
crystallized form; though they are not more given to crystal- 
lize than the salts of barytes. 

3. Solutions of strontian are precipitated by the sulphates, 
phosphates, and oxalates. 

4. We can distinguish a salt of strontian from a salt of ba- 
rytes by means of succinate of ammonia. When we drop this 
salt into a solution of a salt of strontian no precipitate falls ; 
but a precipitate immediately appears if we drop it into a salt 
of barytes. 

5. When a piece of paper dipped into a solution of a salt of 
strontian is set on fire, it burns with a red flame. But if it be 
dipped into a salt of barytes, or of lime, it burns with a yellow 
flame. 

6. Salts of strontian are not precipitated by ferrochyazate 
of potash. 

7. Salts of strontian are not poisonous, as is the case with 
salts of barytes. 

Sp. 1. Nitrate of strontian. ‘This salt was first formed by 
Dr. Hope; it was afterwards examined by Klaproth and Pel- 
letier ; but the most complete description of it was published 
by eis its about the end of the year 1797.* It may be 
prepared either by dissolving carbonate of strontian in nitric 
acid, or by decomposing Spbiaas of strontian by means of that 
acid. ‘The solution is to be evaporated to dryness, redissolved 
in water, and evaporated slowly till the salt crystallizes. 

Nitrate of strontian crystallizes in six-sided pyramidal dode- 
cahedrons, with their apexes truncated, so as to have the ap- 
pearance of hexahedral plates with bevelled edges. Sometimes 
in eight-sided prisms. It is perfectly transparent. Its lustre 


* Jour, de Min. An. vi. 7 
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is adamantine. It has astrong pungent cooling taste. Its spe- chap. 1. 
cific gravity is 3:006. It is soluble in its own weight of water ~~ 
at the temperature of 60°, and in little more than halfits weight 
of boiling water. It is insoluble in alcohol. It is not altered 
by exposure tothe air. It deflagrates on hot coals. Subjected 
to heat in a crucible, it decrepitates gently, and then melts. In 
a red heat it boils, and the acid is dissipated. If a combustible 
substance be at this time brought into contact with it, a defla- 
gration with a very vivid red flame is produced.* It is by 
means of this decomposition that strontian is obtained in the 
greatest purity. When a crystal of nitrate of strontian is put 
into the wick of a candle, it communicates a beautiful purple 
flame. 
Its constituents have been ascertained by different chemists 
as follows : 
hi i § | igs 

Acid...... 31°07 .. 48°4 .. 51° 2. 50°62 .. 50°94 Composi- 

Base...... 36°21 ..47°6 .. 48°6'.. 49°38 ..49°06 tom. 

MER 3. Sade ot, A 


0 ne — ———_-_____ 


Total ....100°00 100°0 100°0 100:00 100:00 


The 4 per cent. of water found by Vanquelin are only me- 
chanically mixed with the salt. Stromeyer is of opinion that 
there exists another nitrate of strontian, containing water of 
crystallization, which effloresces when exposed to the air. This 
would account for Kirwan’s analysis which raises the water of 
crystallization to 32°72 per cent. It would account likewise 
for Dr. Hope’s description of the salt, that it effloresces in dry 
air. J have never myself happened to meet with nitrate of 
strontian that contained water of crystallization. 

Sp. 2. Nitrite of strontian. Unknown. 

Sp. 3. Carbonate of strontian, This salt was first pointed s. carbo. 
out as distinct from the carbonate of barytes by Crawford, in ™™ 
1790; but we are indebted for the first accurate account of it 
to Dr. Hope. His experiments were confirmed by Klaproth, 
Pelletier, Fourcroy, and Vauquelin. It has been found native 
at Strontian in Argyleshire, and at Leadhills in Scotland. It 


* Hope, Edin. Trans. iv. 12. + Kirwan, Nicholson’s Journ. iii. 215, 
¢ Vauquelin, Jour. de Min. An. vi. 20, 

§ Richter, Statique Chimique, i. 136. 

|| Stromeyer, Annals of Philosophy, ix. 

** Theoretical composition. 
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is usually in striated semitransparent masses, which have a 
greenish tinge. 

It has no taste. It requires 1536 parts of boiling water to 
dissolve it.* Its specific gravity is about 3°66. It is not al- 
tered by exposure tothe air. When strongly heated in a cru- 
cible, it loses part of its acid; and this decomposition is faci- 
litated by making it into a paste with charcoal powder. Ac- 
cording to Saussure, it melts into a transparent glass at the 
temperature of 226° Wedgewood. When thrown in pow- 
der on burning coals, it produces red sparks. 

Its component parts are as follows: 


t § | “ii tt TT 
ACI oo BOO, 305, SOROS. ZO'CGT 25 200 ae 
Base.... 61°2 .. 62 ..69°S .. 70°313 ve TON sa eT 
Waters 66.2. 87, OS 


oem ——_______—. ee oo eee 


100°0 100 100°0 100°:000 100°0 100:00 


Sp. 4. Borate of sirontian. This salt has only been formed 
by Dr. Hope. It is a white powder, soluble in about 130 
parts of boiling water. The solution turns the syrup of violets 
green.S§ It is therefore in a state of a sub-borate. 

Sp. 5. Silicate of strontian. This salt has not hitherto been 
examined. It may be obtained by pouring strontian water 
into a solution of silicate of potash. A white powder preci- 
pitates, which is silicate of strontian. 

Sp. 6. Phosphate of strontian. 'This salt was first formed by 


Dr. Hope; but it was more particularly described by Vau-. 


quelin in 1797.|| || 
It may be formed by dissolving carbonate of strontian in 


phosphoric acid, or by mixing together nitrate of strontian 
and phosphate of soda. A white precipitate immediately falls, 


which is the phosphate of strontian. 


This salt is tasteless, insoluble in water, and not alterable by 


exposure to the air. It is soluble in an excess of phosphoric 
acid ; a property which distinguishes it from phosphate of ba- 


* Hope, Trans. Edin. iv. 5. t Jour. de Phys. xlv. 24. 
t Hope, Trans. Edin. iv. 8. 

§ Pelletier, Ann. de Chim. xxi. 135. 

|| Klaproth, Beitrage, 1.270; and Kirwan, Nicholson’s Jour. iii. 215. 

** Stromeyer, Annals of Philosophy, ix. t + By my experiments. 
t{ Theoretical composition. 

§§ Hope, Edin. Trans, iv. 17. 

I || Jour, de Min. An, vi. p. 13. 
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rytes. Before the blow-pipe it fuses into a white enamel, and chap. m. 
at the same time emits a phosphoric light. It is completely ~~ 
decomposed by sulphuric acid, and by no other. The consti- 
tuents of this salt are as follows: 
BO es TL sess BOOS Composi- 
Pe Gee ED. oan 65485 or 


o> Ee See 


100°00 100°000 


Sp. 7. Phosphite of strontian. Unknown. 

Sp. 8. Hypophosphite of strontian. A very soluble salt, which 
crystallizes with difficulty.t | 

Sp. 9. Sulphate of strontian. This salt, for the discovery of 0. sut- 
which we are indebted to Dr. Hope and Mr. Klaproth, may ?"" 
be composed artificially by dropping sulphuric acid into stron- 
tian water; in which case it has the form of a white powder. 

But it exists abundantly in different parts of the world, usually 
crystallized in rhomboidal prisms. 

This salt is tasteless. It is soluble in 3840 parts of boiling properties 
water. Sulphuric acid dissolves it readily when assisted by 
heat, but it is precipitated by the. addition of water to the so- 
Jution.§ In the greater number of its properties it has a con- 
siderable resemblance to sulphate of barytes. The constitu- 
ents of this salt are as follows: 


ey tt 
TRG @ oe AD 06 ef £3) cae. MO aos 4eae 
seen sige Js. . Gyn, 94s e586 5D 


Se Gaetan cae wee 


100 100 100 100°00 


——_ 


Sp. 10. Sulphate of strontian. Unknown. 

Sp. 11. Hyposulphite of strontian. When a solution of sul- 4). vane 
phuret of strontian is exposed to the air for a few days it be- hit. 
comes colourless, some sulphur and carbonate of strontian 


* Vauquelin, Jour. de Min. Ann. vi. p. 13. 

+ Stromeyer, Annals of Philosophy, ix. 

t Dulong, Ann. de Chim. et Phys. ii. 142. 

§ Hope, Trans. Edin. iv. 10. 

|| Klaproth, Beitrage, 11.97. Clayfield, Nicholson’s Quarto Journal, iii. 
39. Henry, Ibid. p. 137. Kirwan, Ibid. p. 215. 

** Stromeyer, Annals of Philosophy, ix. 

tt Vauquelin, Jour. de Min. Ann. vi. 6. {i Theoretical composition, 
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being deposited. When this deposite is removed by the filter, 
the clear liquid yields by evaporation fine transparent rhom- 
boidal crystals somewhat flattened. These crystals are not 
altered by exposure to the air at the temperature of 77°; but 
at 122° they efiloresce like sulphate of lime when calcined. 
They still continue unaltered, excepting the loss of their water 
of crystallization. At the temperature of 50° water dissolves 
the sixth part of its weight of this salt.* 

Mr. Herschell formed this salt by passing a current of sul- 
phurous acid through hydroguretted sulphuret of strontian. Its 
taste is purely bitter. It dissolves in about 1. times its weight 
of hot water. Itis insoluble in alcohol. It dissolves chloride 
of silver with great facility. When heated, it becomes white, 
without losing its figure, and burns with a very faint flame.+ 

Sp. 12. Hyposulphate of strontian. This salt crystallizes in 
small six-sided plates, whose edges are internally inclined con- 
trary ways, similar to those which would be formed in an oc- 
tahedron, by sections parallel to two of its opposite faces. + 

Sp. 13. Seleniate of strontian. The neutral seleniate is a 
white insoluble powder. _Biseleniate is obtained by dissolving 
carbonate of strontian in selenic acid. When slowly eva- 
porated, the salt is deposited in the state of a white crust, very 
difficultly soluble in water, even at a boiling temperature. 
When heated, it melts, gives out its water of crystallization, 
swells, and forms a porous mags, from which the heat gradually 
separates the excess of acid. The neutral seleniate does not 
liquify when heated.§ 

Sp. 14. Arseniate of strontian. A white insoluble powder 
obtained by pouring arsenic acid, or arseniate of soda into ni- 
trate or muriate of strontian. It dissolves readily in nitric 
acid. If we believe Moretti arsenic acid separates strontian 
from sulphuric acid. | 

Sp. 15. Arsenite of strontian. This salt is soluble in water, 
but does not crystallize. Arsenious acid occasions no preci- 
pitate in strontian water.** 


Sp. 16. Chromate of strontian. This salt is insoluble. When 


* Gay-Lussac, Ann. de Chim, lxxxv. 199. ; 

+ Edin. Philos. Jour. i. 20. 

¢ Gay-Lussac, Annals of Philosophy, xiv. 355. 

§ Berzelius, Ann. de Chim. et de Phys. ix, 263. 

| Ann. de Chim. Ixxxvi. 267. ** Moretti, ibid. 269. 
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carbonate of strontian is thrown into chromic acid a yellow 
powder is formed, which is chromate of strontian. Probably 
it would be most easily procured by double decomposition.* 
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Sp. 17. Acetate of strontian, This salt, which was first exa- 17. Acetate. 


mined by Dr. Hope, and afterwards by Vauquelin, is easily 


formed by dissolving strontian or its carbonate in acetic acid, 


By evaporation it is obtained in large crystals, which are flat 


rhomboidal prisms, with two of the edges truncated. They 
effloresce in the air. Forty-nine parts of this salt are soluble 
in 120 parts of boiling water; it seems to be nearly as soluble 
in cold water. It renders vegetable colours green.t Its taste 
is not unpleasant. When heated, its acid is decomposed, as 
happens to all the other acetates. _ Its constituents are 


t 8 


1 re 52°69 2... 49°59 
Base)... i by 47-8) 64 SORS7 


ee a 


100°00 100°00 


— 


Sp. 18. Benzoate of strontian. As benzoate of ammonia oc- 
casions no precipitation when dropped into muriate of stron- 
tian, it is probable that benzoate of strontian is soluble in water, 

Sp. 19. Succinate of strontian. This salt may be formed by 
saturating strontian water with succinic acid. When the solu- 
tion is evaporated the succinate of strontian precipitates in 
small crystals as fine as sand. The taste of this salt has some 
resemblance to that of muriate of potash. It is equally soluble 
in hot and in cold water. When a little of it is dropped into 
barytes water, succinate of barytes immediately precipitates, || 

Sp. 20. Oxalate of strontian. This salt, first examined by 


19. Sucei- 
nate, 


20. Oxa- 


Dr. Hope and afterwards by Vauquelin, may be readily formed "+ 


by mixing together a solution of oxalate of potash and nitrate 

of strontian. The oxalate of strontian immediately precipi- 

tates. It is a white insipid powdery soluble in 1990 parts of 

boiling water. Heat decomposes it by destroying the acid.** 
The constituents of this salt are as follows: 


* John, Annals of Philosophy, iv. 426. 
t Hope, Trans. Edin. iv. 14. t Richter, Statique Chimique, i. 136. 
§ Theoretical composition. 
| Moretti, Ann. de Chim. Ixxxvi. 270. 
** Hope, Edin. Trans. iv. 14. 
VOL. II. 2k 
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100°00 100°00 100°00 


There exists also a binoxalate of strontian. It is soluble in 
water, and contains exactly twice as much acid as the preceding 
salt. The excess of acid is very easily separated from it. 

Sp. 21. Tartrate of strontian. This salt, first examined by 
Dr. Hope, and afterwards by Vauquelin, may be formed by 
dissolving strontian in tartaric acid, or by mixing together so- 
lutions of nitrate of strontian and tartrate of potash. Its crys- 
tals are rhomboidal prisms, with angles of 60° and 120°. It 
is insipid. It dissolves in 320 parts of boiling water. It is 
composed of 

8 | 
oh nee BAe ye. OO 
Basel... . Agnes |. w.. 48°"7 


ee a ee ty 


100°00 100°0 


Sp. 22. Citrate of strontian. This salt was obtained by Vau- 
quelin by mixing a solution of citrate of ammonia with nitrate 
of strontian. No precipitate appears; but when the liquid is 
slowly evaporated, small crystals of citrate of strontian are 
gradually formed. This salt is soluble in water, and exhibits 
nearly the same properties as the oxalate or tartrate of stron- 
tian.** 

Sp. 23. Urate of strontian. A white insoluble powder, 
scarcely distinguishable in appearance from uric acid. 

Sp. 24. Malate of strontian. Malic acid occasions no pre- 
cipitate in strontian water. Hence it follows, that malate of 
strontian is more soluble than malate of barytes.}+ 

Sp. 25. Lactate of strontian. Lactic acid dissolves carbo- 


nate of strontian disengaging the carbonic acid. The solu- 


tion when concentrated by evaporation assumes the form of 
mucilage; but in 24 hours it becomes solid, has a whitish co- 


* Berard, Aun. de Chim. lxxin. 286. + By my analysis. 

+ Theoretical composition. 

§ Vauquelin, Jour. de Min. An. vi. p. 15. | 
| Theoretical composition. ** Jour. de Min. An. vi. p. 16. 
+t Pelletier, Ann. de Chim. xxi. 141. | 
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lour, is semitransparent, and consists of a congeries of globu- Chap. 1. 


lar bodies resembling the form which malate of lime assumes. 
At the temperature of about 70°, this salt is soluble in eight 
times its weight of water.* 


SE 


Such are the properties of the salts of strontian, as far as they 
have been examined. But from the preceding enumeration it 
is obvious that they have been but superficially studied, and 
that about one third of the whole genus still remains unknown. 

Their composition is easily determined by considering them 
as composed of 1 atom of strontian united to 1 atom of each 
of the acids. The weight of an atom of strontian is 6°5, and 
that of each of the acids has been given in a preceding chap- 
ter of this volume. 

None of the salts of strontian has hitherto been applied to 
any purpose useful in domestic ceconomy. 


SECT. XII. 
SALTS OF MAGNESIA. 


THE salts of magnesia can scarcely be said to have been 
known till Dr. Black published his celebrated experiments on 
magnesia alba and quicklime, in the year 1755. They were 
afterwards examined more in detail by Bergman, and differ- 


ent salts of magnesia have been since described by different 
chemists. 


1. A very great proportion of then: is soluble in water, and General 


capable of crystallizing. 

2. When any of the alkalies or of their carbonates is dropped 
into a salt of magnesia a white flocky precipitate falls. 

3. No precipitate appears when, sulphate of soda is dropped 
into a salt of magnesia. 

4. If phosphate of soda be dropped into a salt of magnesia, 
no precipitate appears ; but if any ammonia be added, a white 
precipitate falls, which is a triple salt composed of phosphoric 
acid, ammonia, and magnesia. This precipitation furnishes 
the best method yet known for separating magnesia from other 


bodies, and determining its quantity. It was first pointed out 
by Dr. Wollaston. 


* Braconnot, Ann. de Chim, Ixxxvi. 87. 
242 


properties. 


= 


516 


Book It. 
Division IT. 


1. Nitrate, 


Properties. 


Composie 
tion. 


3. Ammo- 
nio nitrate. 


SALTS. 


5. Ferrochyazate of potash occasions no precipitate in a salt 
of magnesia, unless the acid happen to have a’ metal for its 
basis. 

6. Magnesia has a greater tendency than any of the bases 
whose salts have been already described to enter into triple 
compounds. ‘The base with which it is most given to unite is 
ammonia. 

Sp. 1. Nitrate of magnesia. ‘The composition of this salt 
was first ascertained by Dr. Black. Bergman is the only che- 
mist who has given a detailed description of it. It is usually 
prepared by saturating nitric acid with magnesia, and evapo- 
rating to a proper consistency. The salt crystallizes as the so- 
lution cools. It crystallizes in rhomboidal prisms, and often 
in small needles attached to one another. Its taste is very bit- 
ter and disagreeable. Its specific gravity is 1°736.* 

At the temperature of 60° it is soluble in little more than 
its weight of water, and still more soluble in boiling water. 
Alcohol of about 0°840 dissolves ith of its weight of it.+ When 
exposed to the air it gradually attracts moisture and deli- 
quesces. When heated, it undergoes the watery fusion; and 
when its water is evaporated, it assumes the form of a dry pow- 
der. In a strong heat it gives out a little oxygen gas, then nitrous 
gas, and lastly nitrous acid; and the earth remains behind in 
a state of purity.{ It scarcely detonates with any of the com- 
bustible bodies. 

The following table exhibits the constituents of this salt ac- 
cording to the analyses of different chemists: | 


ee ee ee 
ACI). 2 wink e483 eit AG 269 Goeks F970. 797 
Base oviicwe OT 55 22... GOR tee ees 278 
Watersc/ 80:45 °22 


ee eee mee ———— ny ee eee — 


100 100 100°0 100° = 100°00 


Sp. 2. Nitrite of magnesia. Unknown. 
Sp. 3. Ammonio-nitrate of magnesia. ‘This salt was first de- 
scribed by Fourcroy in 1790. It may be prepared by mixing 


together the solutions of nitrate of ammonia and nitrate of 


* Hassenfratz, Ann. de Chim. xxvii. 12. + Bergman, i. 136. 
{ Wenzel, p. 85. § Bergman, 1. 136. 
|| Kirwan, Nicholson’s Jour. 11. 215. 

** Richter, Statique Chimique, p. 136. +t Wenzel, p. 85. 
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magnesia, or by decomposing either of these salts in part by hr." 
the base of the other. When the two salts are mixed toge- 
ther, the nitrate of ammonia and magnesia gradually precipi- 
tate in crystals. 

These crystals are in the form of fine prisms. They have a Properties. 
bitter, acrid, ammoniacal taste. They are soluble at 60° in 
about 11 parts of water; but boiling water dissolves a greater 
proportion of them. When exposed to the air, they gradually 
attract moisture; but much more slowly than either of their 
component parts. ‘The phenomena which this compound ex- 
hibits when heated are similar to those which its component 
parts exhibit in like circumstances. According to Fourcroy, 
is Is composed of 


78 nitrate of magnesia 
22 nitrate of ammonia 


100* 


Sp. 4. Carbonate of magnesia. This salt has: been long 4. carbo- 
known. Its composition was first discovered by Dr. Black ; *¢- 
afterwards its properties were investigated by Bergman and 
Butini, and more lately by Fourcroy.+ There are two sub- 
species of it: the first neutral; the second containing an ex- 
cess of base. 

It is usually prepared by mixing together the solutions of Prepar- 
sulphate of magnesia and carbonate of potash, and applying 
heat. ‘The carbonate of magnesia precipitates in the state of 
a white powder. Such is the state in which it occurs in com- 
merce; but Iourcroy has shown that in that state it is not sa- 
turated with acid. It is therefore only a carbonate; but it 
may be saturated with acid by diffusing it in water, and making 
carbonic acid gas pass through it till it be saturated and dis- 
solved. 

The bi-carbonate, thus formed, -yields by evaporation crys- 
tals which are transparent hexagonal prisms terminated by a 
hexagonal plane: these are partly in groups and partly soli- 
tary: their length is about six lines, their breadth two.t But 
it may be obtained in more regular crystals, by mixing toge- 
ther 125 parts of sulphate of magnesia and 136 parts of car- 
bonate of soda, both dissolved in water, filtering the solution, 


* Ann. de Chim. iv. 215. + Ibid. 11. 278. 
} Butini, sur le Magnesie. 


518 


Book ff. 


Division IT. 


Properties.. 


& Borate. 


Found na- 
tive. 


SALTS. 


and then setting it aside. In two or three days the carbonate 
of magnesia crystallizes. 

This salt has little taste. Its specific gravity, when in pow- 
der, is only 0°2941 according to Hassenfratz.* It is soluble, 
when crystallized, in 48 parts of cold water; but when in pow- 
der, it requires at least ten times as much; and what is very 
remarkable, it is more soluble in cold than in hot water im- 


pregnated with carbonic acid.; When exposed to the air, it 


effloresces, and falls into powder.t When heated, it decrepi- 
tates, falls into powder, and is decomposed. 
The constituents of this salt are as follows: 


S | 
WM de oe eer 5O: 466. OS To 
Baséioraary . SEB es Sy BI°2S 
Watermain 72. 25 
100 100°00 


I have never met with carbonate of magnesia in commerce. 
Bat it exists abundantly i in the magnesian lime-stone of Eng- 
land.. The magnesia of commerce probably varies consider- 
ably in its composition. I have found it composed as follows: 


Carbonic acid .. 0.53... 14°0 or 1 atom 
Wha pane si. Pu: aeiocd Jane ares tre 51°4 4 atoms 
W Ster SPIIys, BLU, 28 0 5 atoms 
Sulphate of lime ...... C6 

100°0 


Sulphate of lime seems a very common ingredient in it. 

Sp. 5. Borate of magnesia. Bergman formed this salt by 
dissolving magnesia in boracic acid. The solution proceeded 
slowly ; and on evaporation, the salt was precipitated in small 
irregular crystals. It is soluble in acetic acid. Alcohol de- 
composes it. It melts easily in the fire without being decom- 
posed.** ‘This salt has been found native in the mountain of 
Kalkberg near Luneburg in Germany. It was first analyzed 
by Westrumb in 1788. 

It is in the form of transparent or opaque white crystals, 
consisting of cubes, having their edges and four of their angles 


* Ann. de Chim. xxviii. 12. + Butini. 


t Fourcroy, Ann. de Chim. ii. 298. § Fourcroy and Kirwan. 
{| Theoretical composition. ** Bergman, 1. 386. 
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truncated. It is so hard as to scratch glass, and to strike fire Chap. 11. 
with steel. Its specific gravity is 2°566. When heated, it be- 
comes electric; and, what is singular, the truncated angles are 
always positively electric, while the opposite entire ones are 
negative. _ 

gy as crystals are insoluble in water, and not altered by ex- 
posure to the air. When heated, they decrepitate: in a red 
heat they lose their lustre, but do not sensibly diminish in 
weight. In a white heat they lose 0:005 of their weight. When 
exposed to the action of a very violent’ heat, they melt into a 
yeliow-coloured glass. 

According to Westrumb, they are composed of 


73°5 acid 
14°6 magnesia 
11°9 lime 


100°0 


Hence the salt was considered asa triple compound of bo- 
racic acid, lime, and magnesia; but Vauquelin has shown, that 
the lime is foreign, and that the mineral is borate of magnesia.+ 

Sp. 6. Silicate of magnesia. ‘This salt has not been hitherto 
examined. It is very probable that 2 parts of silica and 2°5 
parts of magnesia when properly mixed and heated would con- 
stitute a beautiful porcelain. ‘The mass is adhesive, beautilul, 
and very difficultly fusible. 

Sp. 7. Phosphate of magnesia. ‘This salt was first formed by 1. phos. 
Bergman in 1775.{ It has been examined with much care by se 
the indefatigable Vauquelin.§ It is usually prepared by dis- 
solving carbonate of magnesia in phosphoric acid, and eva- 
porating the solution gradually till the salt crystallizes; but it 
may be obtained in large regular crystals by a much easier pro- 
cess, first pointed out by Fourcroy. Mix together equal parts prepara. 
of the aqueous solutions of phosphate of soda and sulphate of °™ 
magnesia. No apparent change takes place at first; but in a 
few hours large transparent crystals of phosphate of magnesia 
make their appearance in the solution. 

Its crystals are six-sided prisms, the sides of which are un- properties. 
equal. It has very little taste; however, it leaves a cooling and 

sweetish impression upon the tongue. Its specific gravity is 


* Hauy, Ann. de Chim, ix. 59. + Nicholson, 1i. 120, Second Series. 
t Opusc. i. 390. § Jour. de l’Ecole Polytechnique. 
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1°5489.* It requires about 15 parts of cold water to dissolve 
it. Itis more soluble in boiling water, but it crystallizes in 
part as the solution cools. When exposed to the air, it loses 
its water of crystallization, and falls down in powder. When 
heated moderately, it is also reduced to a dry powder. Ina 
high temperature, it melts into a transparent glass. 

Sp. 8. Ammonio-phosphate of magnesia. ‘This salt was first 
discovered by Fourcroy, who found it in a calculous concretion 
formed in the colon of a horse. Since this discovery, Four- 
croy and Vauquelin have observed it also in human urine. 

It might be prepared by mixing together solutions of the 
phosphates of ammonia and of magnesia in water; the triple 
salt immediately precipitates in the state of a white powder. 
When urine is allowed to remain a considerable time in close 
vessels, it often deposites this salt in regular crystals on the 
sides and bottom of the vessel. These crystals are small four- 
sided prisms, terminated by irregular four-sided pyramids, 
This salt is tasteless, scarcely soluble in water, and not lable to 
be altered by exposure to the air. When heated, it falls to 
powder, gives out its ammonia, and in a high temperature 
melts into a transparent globule. When distilled along with 
charcoal, phosphorus is obtained. F ourcroy has ascertained 
that the phosphate of ammonia and magnesia, obtained from 
the calculous conerctions of the horse, is composed of 


33 phosphate of ammonia 
83 phosphate of. magnesia 
33 water 


ew 


99 


Sp. 9. Phosphite of magnesia. Not examined. 

Sp. 10. EHypophosphite of magnesia. Not examined. 

Sp. 11. Sulphate of magnesia. This salt is held in solution 
in the springs at Epsom in England, and was procured from 
them by evaporation more than a century ago. Hence the 
term Epsom salt, by which it was long distinguished. Some 
account of it was given by Grew in 1675; and in 1728, Mr. 
Brown published a description of the process employed in ex- 
tracting it from the springs, and in purifying it.t In Italy it 
is manufactured from shistose minerals, containing sulphur and 
magnesia. By roasting these minerals, and then moistening 
them and exposing them to the air, the salt effloresces on 


¥ Hassenfratz, Ann. de Chim. XXVHi. 12. T Phil. Trans. xxxii. 348. 
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their surface. By solution in water, with the addition of a 
little lime to precipitate any metallic substance that may be in 
solution, and repeated crystallizations, the salt is obtained in 
a state of purity.* 

It exists in considerable quantity in sea-water; and the un- 
crystallized residuum in the salt pans, after all the common 
salt has crystallized, consists partly of this salt dissolved in 
water. This residuum is usually called bditiern, and some- 
times in Scotland spirit of salt. 

Sulphate of magnesia crystallizes in quadrangular prisms, 
whose planes are equal, surmounted by quadrangular pyra- 
mids, or by dihedral summits. The primitive form of its 
crystals is, according to Haiiy, a four-sided prism, whose bases 
are squares. ‘I'he form of its integrant particles is a three- 
sided prism, whose bases are rectangular isosceles triangles.+ 
The crystals are doubly refrangent. 

It has an intensely bitter taste. Its specific gravity is 
1°66.[ At the temperature of 60° it is soluble in its own 
weight of water, and in less than two-thirds of its weight of 
boiling water.§ The volume of water is increased “bths by 
adding the salt.|| When exposed to the air it effloresces, and 
is reduced to powder. When exposed to heat it undergoes 
the watery fusion; and by increasing the temperature its water 
is evaporated, but it cannot be decomposed by means of heat. 
Before the blow-pipe it melts with difficulty into an opaque 
vitreous olobule.** 

Lhe following table exhibits the result of the experiments 
of different chemists to determine the proportions of the con- 
stituents of this salt: 


Tt ty §$§ Dice * * eae LAT 
' Ss i LP SE os, SOOM 662 32 vs 8S 88 -» 66°64 .. 66°6 
ae 17 eo OO ee 6. FOL. Ae. | ea.ag ives OOS 
Ny ater’... .. ODEO ,, D200 «4 40 0, A. -, 44 


— ae ed —— a 


a 


100:°00 100:00 100 106 100 100:00 1000 


* Ann. de Chim. xlviii. 80. See also Gehlen’s Jour. ii. 549. An ac- 
count of the manufactory has been published by Dr. Holland in Phil. Trans. 
1816, p. 294. 

¢ Traite de Mineralogie, ii. 322. 


{ Hassenfratz, Ann. Chim. xxviii. 12. § Bergman, Opuse. i. 135, 
|| Bergman, Opusc. i. 377. ** Bergman, Opusc. i. 377. 
tf Kirwan, Nicholson’s Quarto Jour. iii. 215. ti Wenzel, p. 62. 

§§ Mojon, Ann. de Chim. xlviii. 81, lll Bergman, i. 135. 


*** Henry and Dalton; Dalton’s New System of Chemistry, ii. 513. 
THt Berzelius, Ann. de Chim. Ixxxii. 8. {tf Theoretical composition. 
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Sp. 12. Ammonio-sulphate of magnesia. ‘This salt was pointed 
out by Bergman; but Fourcroy was the first chemist who ex- 
amined its properties.* It may be prepared by mixing 
together saturated solutions of sulphate of ammonia and of 
magnesia. Crystals almost immediately precipitate, which 
consist of the two salts combined together. Or it may be 
prepared by pouring ammonia into a solution of sulphate of 
magnesia. Part only of the magnesia is precipitated. ‘This 
is to be removed by filtration; and on evaporating the solu- 
tion, the compound salt is obtained in crystals. _ 

This salt crystallizes in octahedrons. Its taste is acrid and 
bitter. Its specific gravity is 1°696.+ It is less soluble in 
water than either of its component parts. When heated it 
undergoes the watery fusion; and if the heat be increased, it 
is decomposed. It is not altered by exposure to the air. 

It is composed, according to the analysis of Fourcroy, of 


68 sulphate of magnesia 
32 sulphate of ammonia 


100 


Sp. 13. Sulphate of potash-and-magnesia. ‘This salt was first 
described by Link. He formed it by saturating supersulphate 
of potash with magnesia. Berthollet formed the same salt by 
mixing together equal solutions of sulphate of potash and 
muriate of magnesia, and evaporating the mixture. Crystals 
of sulphate of potash, with a little muriate of magnesia, are 
first obtained, and then the triple salt in rhomboidal crystals, 
which are not altered by exposure to the air. ‘Their solubi- 
lity is nearly the same as that of sulphate of potash.f | 

The taste of this salt is bitter. It is composed of 


3 parts sulphate of potash 
4 parts sulphate of magnesia 


78 
Sp. 14. Soda-sulphate of magnesia. ‘This salt was first des- 


cribed by Link, in 1796.|| It has been lately announced and 
analysed by Dr. Murray,** who does not appear to have been 


* Ann. de Chim. iv. 21. 

+ Hassenfratz, Ann. de Chim. xxviii. 121. 

t Mem. de l’Instit. i, 218. § Link, Crell’s Anmals, 1796, 1. 30. 
| Crell’s Annals, 1796, 1.30. ** Edin. Trans. viii. p. 235. 
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aware of the previous experiments of the German chemist. 
Link obtained it by saturating bisulphate of soda with mag- 
nesia, and crystallizing the solution. Dr. Murray observed 
it formed in the boilers of the manufacturers of sulphate of 
magnesia from the bittern of sea salt. The impure sulphate 
of magnesia first obtained is re-dissolved in water and crys- 
tallized. A fresh quantity is added to the residual liquor, and 
by the necessary evaporation and cooling, a fresh crop of 
crystals is obtained. This is repeated a third and fourth 
time. It is in these last crystallizations that the triple salt is 
produced, forming frequently in considerable quantities, and 
precipitating even in the boilers. It is at first irregular and 
semitransparent; but by solution in water, and a second crys- 
tallization, it may be obtained in pretty regular transparent 
rhombs, truncated on their angles and edges. These crystals 
are not altered by exposure to the air. They have a bitter 
taste. At 60° they dissolve in about thrice their weight of 
water. When heated they do not melt but decrepitate. 
Their composition according to the experiments of Link and 
Dr. Murray are as follows: 


: f t 
Sulphate of magnesia .. 54...... 62 e805. « 32°38 
Sulphate ofisodalsi lt. 46. il0e: .: 89s elleiee88°92 
Waterless. i eB: Ze). Dias. 4 29°00 
99 9 100°00 


Sp. 15. Sulphite of magnesia. This salt has only been exa- 
mined by Fourcroy and Vauquelin. It is prepared, like the 
others, by saturating carbonate of magnesia with sulphurous 
acid; a violent effervescence takes place, and the liquid be- 
comes warm. ‘The sulphite as it forms remains at the bottom 
in the form of a white powder: but if an excess of acid be 
added, it dissolves, and may be obtained in crystals by subse- 
quent exposure to the air. Its crystals are white and trans- 
parent and in the form of depressed tetrahedrons. Its speci- 
fic gravity is 1°3802.§ Its taste is mild and earthy at first, 


* Link, Crell’s Annals, 1796, i. 30. 

t Murray, Edin. Trans. viii. 294. 

} Theoretical composition, on the supposition that it is composed of 
1 atom sulphate of magnesia 
1 atom sulphate of soda 
6 atoms water. 

|) Hassenfratz, Ann. de Chim. xxviii. 12. 
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and afterwards sulphureous. It becomes opaque when ex- 
posed to the air; but is very slowly converted into a sulphate. 
At the temperature of 60° it is soluble in 20 parts of water. 
Boiling water dissolves a greater proportion of it; but the 
solution crystallizes on cooling. When its solution in water 
is exposed to the air, this salt is very soon converted into a 
sulphate. By exposure to heat, it softens, swells up, and be- 
comes ductile like gum, and loses 0°45 parts of its weight. In 
a strong heat the acid is disengaged, and the earth remains 
pure. 

Sp. 16. Ammonio-sulphite of magnesia. This salt has only 
been mentioned by Fourcroy. It may be formed by mixing 
together the solution of sulphite of ammonia and sulphite of 
magnesia, or by pouring ammonia into the sulphite of mag- 


-nesia. Its crystals are transparent, but the figure has not been 


17. Hypo- 
sulphite. 


18. Seleni- 
ate. 


determined. It is less soluble in water than either of its com- 
ponent parts. When exposed to the air, it is gradually con- 
verted into sulphate. 


Sp. 17. Hyposulphite of magnesia. ‘This salt is easily ob- 


tained by boiling a solution of sulphite of magnesia and flow- 
ers of sulphur. It has an intensely bitter taste, is very soluble 
in water, but does not deliquesce when exposed to the air. It 
readily crystallizes in cooling. When laid on a hot iron it 
burns with a blue flame, but is incapable of maintaining com- 
bustion pure. Before the flame of the blowpipe it swells into 
a fungous mass by the escape of the acid precisely as borax 
does by that of water. Pure magnesia remains behind.* 


Sp. 18. Selentate of magnesia. Selenic acid decomposes 


carbonate of magnesia and forms a crystalline matter, which 
dissolves in boiling water and deposites crystals in the form of 
small prisms or four-sided tables. When heated it gives out 
its water of crystallization, and becomes similar to enamel. 
It does not melt, nor is it decomposed when heated to red- 
ness; but it attacks glass and gradually makes its way 
through it. 

Biseleniate is obtained by dissolving the seleniate in selenic 
acid and pouring alcohol into the solution. ‘The biseleniate 
precipitates in the form of a pulpy and coherent mass which 


attracts moisture from the atmosphere, is soluble in water, but | 


does not yield crystals.t 


* Herschel, Edin. Phil. Jour. i. 21. 
+ Berzelius, Ann. de Chim. et de Phys. ix. 264. 
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Sp. 19. Arseniate of magnesia. Magnesia dissolves in arse- Chap. 11, 
nic acid; but when the acid is nearly saturated, the solution a 
becomes thick and coagulates. The coagulum redissolves in ** 
an excess of acid, and yields when evaporated an incrystalli- 
zable gummy mass. ‘This salt may be obtained also by mix- 
ing the alkaline arseniates with nitrate, muriate, or acetate of 
magnesia. When heated, it exhibits the same phenomena as 
arseniate of potash.* It dissolves in nitric acid. 

Sp. 20. Chromate of magnesia. ‘This salt has been hitherto a0, chro- 
examined only by Vauquelin. It has a fine topaz yellow ™* 
colour, crystallizes in transparent six-sided prisms, and is very 
soluble in water. When in large masses it has an orange 
yellow colour. The magnesia is precipitated by the fixed al- 
kalies and alkaline earths.+ 

Sp. 21. Molybdate of magnesia. ‘This salt, according to 
Heyer, is soluble in water, has a bitter taste, and does not 
crystallize.t 

Sp. 22. Tungstate of magnesia. When the yellow oxide of 22. Tang. 
tungsten is boiled with carbonate of magnesia, the liquid *** 
yields, when evaporated, tungstate of magnesia in small brilli- 
ant scales. It is soluble in water, not altered by exposure to 
the air, and has a taste similar to that of the other species of 
tungstates. When an acid is dropped in, a white powder or 
triple salt precipitates. 

‘Sp. 23. Acetate of magnesia. This salt may be formed by a3. acetate. 
dissolving magnesia or its carbonate in acetic acid. It is not 
crystallizable; but forms by evaporation a viscid mass.§_ It 
has a sweetish taste; leaving, however, a sense of bitterness. || 
Its specific gravity is 1:378.** It is very soluble both in water 
and alcohol.t+ When exposed to the air, it deliquesces. Heat 
decomposes it. 

The constituents of this salt are as follows : 

tt $§ II 
Aeid «ests sO SiO «50.071 OG Ies oa C1S3 
Base tiiivee be SOA ere BOSS ig cot 2817 


100°00 100°00 100°00 


* Scheele, 1. 159. + Ann. de Chim. Ixx. 70. 
{ Gren’s Handbuch, iii. 711. § Bergman, 1. 388. 

{| Morveau, Encycl. Method. i. 9. 

** Hassenfratz, Ann. de Chim. xxviii. 12. 

++ Bergman, 1. 388. tt Wenzel, p. 150. 

§§ Richter, Statique Chimique, 1. 136. 

|| || Theoretical composition. 
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Sp. 24. Benxoate of magnesia. This salt forms feather-shaped 
crystals of a sharp bitter taste, and easily soluble in water. 

Sp. 25. Succinate of magnesia. This salt has the form of a 
white, glutinous, frothy mass, which when dried by the fire 
attracts moisture from the air, and deliquesces. 

Sp. 26. Camphorate of magnesia. This salt may be prepared 
by mixing water with carbonate of magnesia, and adding crys- 
tallized camphoric acid: heat is then applied, the solution is 
filtrated, and evaporated to dryness. The salt obtained is dis- 
solved in hot water, passed through a filter, and evaporated 
by means of a moderate heat till a pellicle forms on the sur- 
face of the solution. _ On cooling the salt is deposited in thin 
plates. The second solution is intended to remove any excess 
of magnesia that may happen to be present. 

This salt does not crystallize. It is white, opaque, and has 
a bitter taste. It is scarcely more soluble in water than cam- 
phorate of lime. Alcohol has no action on it while cold; but 
when hot it dissolves the acid and leaves the magnesia, and the 
acid precipitates again as the alcohol cools. When exposed 
to the air it dries, and becomes covered with a little powder ; 
but this effect is produced slowly, and only in a warm place. 
When this salt is placed on burning coals, the acid is volati- 
lized, and the magnesia remains pure. Before the blow-pipe 
it burns, like the other camphorates, with a blue flame. The 
nitrates, muriates, and sulphates, do not completely decom- 
pose this salt, if we except the nitrate of lime and muriate of 
alumina.* 

Sp. 27. Suberate of magnesia. This salt is in the form of a 
powder: it reddens the tincture of turnsole: it has a bitter 
taste; it is soluble in water, and attracts some moisture when 
exposed to the air. When heated it swells up and melts; 
before the blow-pipe the acid is decomposed, and the magne- 
sia remains in a state of purity.+ 

Sp. 28. Oxalate of magnesia. This salt may be obtained by 
saturating oxalic acid with magnesia, and evaporating the so- 
Jution. It is in the form of a white powder. It is tasteless, 
and not sensibly soluble in water; yet when oxalate of ammo- 
mia is mixed with sulphate of magnesia, no immediate precipi- 
tate falls. But if the solution be heated, and concentrated 
sufficiently, or if it be evaporated to dryness, and redissolved. 
in water, in both cases the oxalate of magnesia separates in the 


* Ann. de Chim, xxvii. p. 21. + Ibid. xxx.’ 55. 
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‘state of an insoluble powder. The constituents of this salt chap. u. 


are as follows: 
8 t i § 
Ci. kc Goa wien OO aad «5 OD. w eae eee 
MeeGMesa. Suc. ZOOS ne. SESS oo ce Bee 


100 100°00 100°00 100°00 


Sp. 29. Tartrate of magnesia. This salt is insoluble in water 29. Ter- 


except there be an excess of acid present. It then affords by “““~ 


evaporation small crystals in the form of hexangular truncated 
prisms.|| It has a more saline taste, and is more fusible than 
tartrate of lime.** Heat first melts and afterwards decom- 
poses it. 


Sp. 30. Tartrate of potash and magnesia. This triple salt, 


first examined by the Dijon academicians, may be formed by 
dissolving magnesia or its carbonate in tartar. The solution, 
according to them, yields by evaporation needle-form crystals; 
but, according to Thenard, this triple salt does not crystal- 
lize; and when evaporated, it deliquesces.++ 


Sp. 31. Crtrate-of magnesia. This salt may be formed by 31. citrats. 


dissolving carbonate of magnesia in citric acid. This solu- 
tion, though evaporated to a thick syrup, does not crystallize, 
but it gradually assumes the form of a white opaque soft mass, 
which rises in the vessel like a mushroom. According to 
- Vauquelin, it is composed of 


66°66. acid 
33°34 magnesia 
100°00¢¢ 
If we consider it as a compound of 1 atom acid + 1 atom 
base, its constituents must be 


ACIE 34 oy. VR eS Hi 74°68 
Magnesia..... ‘= 25S2 
100°00 
* Bergman, Opusc..i. 262 and 387. + By my analysis. 


J Berard, Ann. de Chim. 73, 284. 

§ Theoretical composition. The acid considered both by myself and Be- 
rard as pure contained water. Hence the reason why our results are inac- 
curate. -Bbergman comes much nearer the truth. 

|| Bergman, 1. 388. ** Von Packen de Sale Essent. Acid Tartar. 

++ Ann. de Chim. xxxviil. 32. {{ Fourcroy, vii. 208. 
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Sp. 32. Saclactate of magnesia. A white powder insoluble 
in water. 

Sp. 33. Urate of magnesia. A white tasteless powder similar 
in appearance to uric acid. 

Sp. 34. Malate of magnesia, Permanent crystals soluble at 
60° in 28 times their weight of water.* 

Sp. 35. Lactate of magnesia. When the solution of this 
salt is evaporated to the consistence of a thin syrup and left in 
a warm place, it shoots into small granular crystals. When 
hastily evaporated to dryness it furnishes a gummy mass. Al- 
cohol resolves it into two subspecies; neutral lactate which it 
dissolves, and sublactate which it leaves untouched.+ 

Sp. 36. Gallate of magnesia. When magnesia is boiled with 
the infusion of nutgalls, the liquid becomes almost limpid, 
and assumes the same green colour as similar mixtures. From 
the experiments of Davy, it appears, that in this case all the 
extract of tan is separated from the infusion, together with 
a portion of the gallic acid; and that the liquid holds in so- 
lution nothing but a combination of that acid and magnesia. 
But the acid is decomposed, and the green colour disappears, 
when we attempt to obtain the composition in a dry state. 


—a 


The composition of the salts of magnesia is easily deter- 
mined by considering them as compounds of 1 atom magnesia 
and 1 atom of each of the acids. An atom of magnesia weighs 
2°5, and the weight of an atom of each of the acids has been 
given in a preceding chapter of this volume. 

Of the salts of magnesia the most useful are the carbonate 
and sulphate, both of which are very much employed in me- 
dicine. 


SECT: XIE. 


SALTS OF YTTRIA. 


THE greater number of the salts which yttria is capable of 
forming with acids still continue unknown. 

1. A considerable number of the salts of yttria are insoluble 
in water, and have not therefore been obtained in the state of 
crystals. 


* Donovan, Phil. Trans. 1815. + Berzelius, Djurkemien, 11. 437. 
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2. Yttria may be precipitated from its solutions in acids by Chap. 1. 
phosphate of soda, carbonate of soda, oxalate of ammonia, 
and tartrate of potash. ; 
3. It is precipitated likewise by ferrochyazate of potash. 
4. Yttria bears a considerable resemblance to lime in the 
solubility of the salts which it forms. If we except sulphate 
of yttria, which is much more soluble than sulphate of lime, 
and which is easily recognized by its sweet taste. This dif- 
ference enables us readily to distinguish yttria from lime. 
Sp. 1. Nitrate of yttria. ‘This salt was first formed by Mr. 1. Nitrate. 
Ekeberg: it has been more lately examined by Vauquelin. 
It may be prepared by dissolving yttria in nitric acid. The 
solution has a sweet astringent taste, and in most of its pro- 
perties agrees with nitrate of glucina. Like it, this. salt can 
scarcely be obtained in the state of crystals. If, during the 
evaporation, a heat somewhat too strong be applied, the salt 
becomes soft, and assumes the appearance of honey, and on 
cooling becomes hard and brittle like a stone. When ex- 
posed to the air, it very soon attracts moisture, and deliquesces. 
When sulphuric acid is poured into this solution, crystals of 
sulphate of yttria are instantly precipitated.* | 
Sp. 2. Carbonate of yttria. This salt may be formed by 2. carbon- 
precipitating yttria from its solution in acids by means of an ** 
alkaline carbonate. It is a white, tasteless, insoluble powder, 
composed of 
18 acid 
55 yttria 
27 water 


Se 


100 + 


According to Vauquelin, it loses 32 per cent. when calcined. t 
If we suppose it a compound of 1 atom acid + 1 atom yttria, 
its constituents will be 


Bide tan te: . 3548 
Base ........ 64°52 


100°00 


Sp. 3. Phosphate of yttria. This salt has only been s. Phoe 
formed by Vauquelin. When the solution of phosphate of ?** 


* Ann. de Chim. xxxvi. 156. + Klaproth’s Beitrage, iii. 67. 
t Ann. du Mus. d’Hist, Nat. xy, 9. 
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‘soda is mixed with the sulphate, nitrate, or muriate of yttria, 


phosphate-of yttria precipitates in gelatinous flakes. * 

Sp. 4. Suiphate of yttria. This salt was first formed by 
‘Gadolin, and afterwards it was examined with more precision 
by Ekeberg,+ Vauquelin,} and Klaproth.§ 

Sulphuric acid dissolves yttria readily, and some caloric is 
evolved during the process. As the solution goes on, the sul- 
phate crystallizes in small brilliant grains, 

These crystals are irregular, but most frequently, according 
to Ekeberg, they have the form of flat six-sided prisms termi- 
nated by four-sided summits. In my experiments I obtained 
long slender rhomboidal prisms. ‘These crystals are not al- 
tered by exposure to the air. Their taste is astringent and 
sweetish, though not so much so as sulphate of glucina. ‘Their 
colour is alight amethyst red; their specific gravity 2°791. 
They require at least 30 parts of water of the temperature of 
60° to dissolve them. Ata red heat they are partly decom- 
posed. 

Oxalic acid, ferrochyazate of potash, and the infusion of nut- 
galls, occasion a precipitate in the aqueous solution of this 
salt. It is decomposed by phosphate of soda. 

Sulphate of glucina is readily distinguished from this salt 
by its being colourless, lighter, and more soluble in water. 

Sp. 5. Seleniate of yttria. When an alkaline seleniate 1s 
dropt into a solution of yttria, a white precipitate falls in large 
flocks, which do not dissolve in an excess of selenic acid. 
When dry it has the appearance of a white powder. On ex- 
posure to heat it first parts with its water and then with its 
acid. || 

Sp. 6. Arseniate of yttria. When yttria is dissolved in 
arsenic acid, and the solution boiled, arseniate of yttria preci- 
pitates in the state of a white powder.** Arseniate of potash 
precipitates yttria from acids.t++ ; 

Sp. 7. Chromate of yttria. Chromic acid dissolves yttria cold 
in considerable quantity and with effervescence. The solu- 
tion has an astringent and pungent taste, and, like most of 
the chromates, has an orange-red colour passing into yellow. 


* Ann. de Chim. xxxvi. 158. + Crell’s Annals, 1799, 11. 68. 
+ Ann. de Chim. XXxvl. 156. § Beitrage, iil, 67. 

|| Berzelius; Ann. de Chim. et de Phys. ix. 265. 

** Ekeberg, Crell’s Annals, 1799, Nu, FO. 

++ Klaproth’s Beitrage, 11. 76. 
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The solution is quite neutral. When evaporated, it forms Chap. 1. 
dendrites consisting of prisms and cubes. It is very soluble 
in water.* 

Sp. 8. Acetate of yttria. Yttria dissolves readily in acetic 
acid, and the solution yields by evaporation crystals of acetate 
of yttria. These crystals have most commonly the form of 
thick six-sided plates obliquely truncated. Their colour is 
amethyst red. They are not altered by exposure to the air.t 

Sp. 9. Succinate of yttria. Yttria is not precipitated from 9. Succi 
its solution in acids by the succinates, according to Ekeberg.{ sisi 
This however must be understood with some limitation; for 
as the succinate of yttria is but sparingly soluble in water, it 
precipitates in crystals, if a concentrated solution of an alkaline 
succinate be mixed with a saturated solution of yttria in 
an acid. ‘Thus, when the succinate of soda is dropped into 
concentrated muriate or acetate of yttria, small cubic crystals 
fall, which are succinate of yttria.§ 

Sp. 10. Oxalate of yttria. When oxalic acid, or the oxa- 10, oxalate. 
late of ammonia, is dropped into a solution of yttria in acids, 
a white insoluble powder precipitates, which is the oxalate of 
yttria.|| It is composed, according to the experiments of 
Vauquelin, of 7 

OM TN ay he BaD 
MAAS ok sagt bere 


100:0** 


Sp. 11. Tartrate of yttria. Yttria is precipitated from its 
solution in acids by tartrate of potash; but an addition of 
water dissolves the precipitate.++ Hence it follows that tar- 
trate of yttria is soluble in water. 


SECT. XTV. - 


SALTS OF GLUCINA. 


TuE salts of glucina have been examined equally imperfectly 
with the salts of yttria. 


* John, Annals of Philosophy, iv. 426. 
¢ Ekeberg, Crell’s Annals, 1799, ii. 69; and Klaproth’s Beitrage, iii. 70. 
t Ann. de Chim. xliii. 277. § Klaproth’s Beitrage, ui. 76. 
|| Klaproth’s Beitrage, iii. 75. ** Ann. du Mus. d’Hist. Nat. xv. Q. 
tt Klaproth’s Beitrage, iti. 75. 
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1. The salts of glucina are much more soluble in water than 
those of yttria, and a. smaller number of them seem susceptible 
of crystallizing. 

2. The salts of. glucina are not precipitated by oxalate of 
ammonia or tartrate of potash which sufficiently distinguishes 
them from salts of yttria. 

3. Ferrochyazate of potash occasions a white precipitate 
when dropped into the solution of a salt of glucina. 

4. Infusion of nut-galls occasions a yellow precipitate ; 
which acquires a purplish tinge if any iron be present. 

5. The sulphate of glucina does not crystallize, nor do 
crystals of alum form in it when sulphate of potash is mixed 
with the solution. | 

Sp. 1. Nitrate of glucina. ‘This salt was first described by 
Vauquelin. It is prepared by saturating nitric acid with glu- 
cina. When this solution is evaporated by means of a low 
heat, the salt gradually assumes the form of a powder, but 
cannot be obtained in the state of crystals. 

Its taste is sweet and astringent. It is exceedingly soluble 
in water; so much so indeed that it is very difficult to obtain 
it in a dry state. When evaporated, it becomes thick and glu- 
tinous like honey. When exposed to the air, it attracts mois- 
ture very rapidly. When heated it readily melts; and if the 
heat be increased, the acid escapes, and leaves the earth in a 
state of purity. When tincture of nut-galls is dropped into 
a solution of this salt, a yellowish-brown precipitate imme- 
diately appears. Nitrate of glucina may be readily distin- 
guished from nitrate of alumina by this property. 

Sp. 2. Cardcnate of glucina. This salt has been examined 
only by Vauquelin. It may be prepared by precipitating 
glucina from its solution in acids by an alkaline carbonate, 
and washing the precipitate sufficiently with pure water. It 
is in the state of a white soft powder, which has a greasy feel. 
It has no taste, and is exceedingly light. It is insoluble in 
water, not altered by exposure to the air, easily decomposed, 
and its acid driven off by the application of heat. It loses 
half of its weight in a red heat. 

Sp. 3. Phosphate of glucina. ‘This salt has been examined 
only by Vauquelin. He obtained it by pouring phosphate of 
soda into the solution of glucina in sulphuric, nitric, or mu- 
riatic acid. The phosphate of glucina is precipitated in the 
state of a white powder. It does not crystallize. It is taste- 
less, insdluble in water, unless it contains an excess of acid. 
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and not liable to be altered by exposure to the air. When chap.1. 
heated strongly, it melts into a transparent glass. 
Sp. 4. Sulphate of glucina. This salt was first examined by «. sutphate. 
Vauquelin, the discoverer of its base. 
It is prepared by saturating sulphuric acid with glucina. 
The acid dissolves the earth readily, and the solution by eva- 
- poration yields small needle-form crystals, the figure of which 
has not been ascertained. 
It has a very sweet and somewhat astringent taste. It is Properties. 
soluble in water; the solution readily assumes the con- 
sistence of a syrup, but does not crystallize. When heated 
it undergoes the watery fusion, loses its water, and falls to 
powder. Ata red heat itis decomposed completely, the acid 
is driven off, and the earth remains in a state of purity. The 
infusion of nut-galls, when dropped into the solution of this 
salt, occasions a yellowish white precipitate. , 
Berzelius has shown that there are three subspecies of sul- Subspecies. 
phate of glucina; 1. Neutral sulphate, forming a gummy-like 
mass, composed of 


Sulphuric acid...,..100 or 1 atom 
CC wc ones Oe Ie, 


The second, a bisulphate obtained by dissolving glucina in 
sulphuric acid and evaporating the solution, composed of 


|. (0 re ae -»+- 100 or 2 atoms 
Gacing eee Bers I 


The third, a subsesquisulphate composed of 2 atoms acid 
and 3 atoms glucina obtained by digesting carbonate of glucina 
in the solution of the second subspecies. It was composed of 

Acid sud Pe ess oa Peer. £06 
GNI, 48 as eo dais 5 WOR 


If we suppose the constitution of these three salts to be as I 
have stated them, their composition will be as follows: 


1. Neutral salt. 
rt? ne ne ete. ee 106 


* Berzelius, attempt to establish a pure scientific system of Mineralogy, 
p. 134. 


534 


Book If. 
- Division I, 


SALTS. 


2. Bisulphate. 
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3. Subsequisulphate. 
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Sp. 5. Seleniate of glucina. The neutral salt is a white in- 
soluble powder. ‘The biseleniate is soluble. When evapo- 
rated it gives a gummy looking mass. Heat decomposes both 
of these salts.* 

Sp. 6. Chromate of glucina. Glucina thrown down by car- 
bonate of potash is dissolved very slowly by concentrated 
chromic acid. The solution has a yellow colour, and does 
not seem capable of crystallizing.+ 

Sp. 7. Chromo-sulphate of glucina. When sulphate of glu- 
cina is poured into chromic acid the appearance of the solu- 
tion is not altered; but when the liquid is evaporated there 
remains behind a triple salt in dendritical crystals in a state of 
efflorescence. 

Sp. 8. Acetate of glucina. Acetate of glucina is sweet and 
astringent, has an excess of acid, and does not crystallize, 
but forms a gummy mass in thin transparent plates, soluble in 
water, and still acid.§ 

Sp. 9. Succinate of glucina. Ekeberg has announced, that 
glucina is precipitated from its solution in acids by the suc- 
cinates. ‘The succinate of glucina is of course insoluble, or 
nearly so. || | 

Sp. 10. Oxalate of glucina. As acetate of glucina is- not 
precipitated by oxalate of ammonia, we may infer that the 
oxalate of glucina is soluble in water. 


Ee 


Such is the small number of these salts hitherto examined. 
Not one of them crystallizes except the chromo-sulphate, and 
its crystals are imperfect. , 


* Berzelius, Ann. de Chim. et de Phys. ix. 265. 

+ John, Annals of Philosophy, iv. 4.25. { Ibid. 
§ Vauquelin, Ann. du Mus, d’Hist. Nat. xv. 9. 

} Ann. de Chim. xlin. 277. | | 
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: on , Civap. 1 
1. Mosv of the salts of alumina, are soluble in: water, and’ * 


few of them are capable of crystallizing. ae 
sans . . propesties» 

2. They are distinguished by a sweet and astringent taste, 
in which respect they resemble the salts of yttria and glucina.. 

3. They are not precipitated by oxalate of ammonia nor 
tartaric acid, which sufficiently distinguishes them: from salts. 
of yttria. 

4. They are not precipitated by ferrochyazate of potash, 
nor by tincture of nut-galls, in which respects they differ both 
from the salts of yttria and glucina. 

5. Phosphate of ammonia, when dropped into a salt of alu- 
mina, occasions a white precipitate. 

6. Hydriodate of potash occasions a white flocky precipitate 
in a solution of alumina, which speedily becomes yellow and 
continues permanent. This is not owing to the excess of acid 
which the salts of alumina usually contain, for the yellow colour 
does not disappear on the addition of carbonate of ammonia. 

7. If sulphuric acid, and then sulphate of potash be added 
to a salt of alumina, and the mixture be set aside, octahedral 
crystals of alum speedily make their appearance in it. 

Sp. 1. Nitrate of alumina. ‘Though this salt has been known 1. Nitrate 
to chemists for many years past, it has not hitherto been exa- 
mined with precision. It is prepared by dissolving alumina 
in nitric acid, and evaporating the solution till the salt crys- 
tallizes. This salt always contains an excess of acid, and is 
therefore one of the few swpernitrates with which we are ac- 
quainted. 

It crystallizes with great difficulty in thin soft plates, which 
have but little brilliancy. This salt has an acid and astringent 
taste. Its specific gravity is 1°645.* It 1s exceedingly soluble 
in water, and when evaporated is converted into a glutinous 
mass of the consistence of honey. It often assumes on cool- 
ing the form of a jelly. When exposed to the air, it very soon 
attracts moisture and deliquesces. When heated, the acid is 
disengaged with great facility, and the earth remains behind 
in a state of purity. 


* Hassenfratz, Ann. de Chim. xxvill. 12. 
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Sp. 2. Carbonate of alumina. The greater number of che- 
mists have agreed in admitting the existence of this salt. 
Bergman could not form it artificially; but he allows its 
existence, because when alum is mixed with an alkaline car- 
bonate, part of the alumina remains in solution till the carbonic 
acid be driven off.* Saussure has shown that water saturated 
with carbonic acid is capable of dissolving alumina; but this 
combination is destroyed by simple exposure to the air. Car- 
bonate of alumina, then, cannot exist in a dry state. What 
had been considered formerly as a dry carbonate is a triple 
compound of alumina, carbonic acid, and the alkali employed 
in precipitating the alumina.t I find, however, that alumina 
thrown down by a carbonate effervesces when dissolved in acids. 

Sp. 3. Borate of alumina. 'This salt may be formed by mix- 
ing together the solutions of borate of soda and sulphate of 
alumina. It is said to be scarcely soluble in water, and not 
to crystallize. 

Sp. 4. Stlicate of alumina. The salt may be obtained by 
mixing together silicate of potash and solution of alumina in 
potash. ‘The silicate of alumina gradually forms a jelly, and 
may be separated by the filter. 

Sp. 5. Szlicate of potash-and-alumina. The well known mi- 
neral called felspar is a triple salt, composed of 1 atom silicate 
of potash, and 3 atoms silicate of alumina united together. 

Sp. 6. Silicate of soda-and-alumina. The mineral called 
sodaltte is a triple salt composed of 1 atom of silicate of soda, 
and 2 atoms of silicate of alumina. 

Sp. 7. Phosphate of alumina. This salt has been examined 
by Fourcroy only. It may be formed by saturating phospho- 
ric acid with alumina. It is a tasteless powder, insoluble in 


~water, Dissolved in phosphoric acid, it yields a gritty powder, 


8. Sulphate. 


and a gummy solution, which by heat is converted into a 
transparent glass. , 

Sp. 8, Sulphate of alumina. This salt may be formed by 
dissolving alumina in sulphuric acid, evaporating the solution 
to dryness, dissolving it again in water, and evaporating it till 
it crystallizes, Little attention has hitherto been paid to this 
salt, which was never properly distinguished from alum till 
two memoirs, one by Vanquelin and another by Chaptal, on 
the nature of alum, made their appearance in the 22d volume 
of the Annales de Chimie. | 


* Bergman, i. 32, + Jour. de Phys. lii. 28. 
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[t crystallizes in thin plates, soft and pliant, and of a pearly Chap. 1. 
lustre. Its taste is astringent. It is very soluble in water, p.oMities. 
and does not crystallize without difficulty. When heated it 
loses its water of crystallization, and falls to powder. A strong 
heat decomposes it completely by volatilizing the acid. It is 
not altered by exposure to the air. 

Sp. 9. Alum. Of this salt there are no less than four sub- 
species, all of which are triple salts; two neutral, and two in 
the state of supersalts. ‘These varieties may be distinguished 
by the following names: 

1. Sulphate of alumina-and-potash. Slikpedes: 

2. Sulphate of alumina-and-ammonia. 

3. Supersulphate of alumina-and-potash. 

4. Supersulphate of alumina-and-ammonia. 

The two last of these varieties are usually confounded to- 
gether under the name of aiwm: the two first have been called 
alum saturated with its earth, and sometimes aluminated alum. 
It will be proper to consider the two last varieties first, be- 
cause they have been longest known, and are the most im- 
portant. 

1. The supersulphates. The crurtyaa of the Greeks, and the atuw. 
alumen of the Romans, was a native substance which appears 
to have been nearly related to green vitriol, or sulphate of iron ; 
and which consequently was very different from what we at 
present denominate alum. From the researches of Professor 
Beckman, it appears that we owe the discovery of alum to the 
Asiatics; but at what period, or by what means, the discovery 
was made is altogether unknown. It continued to be import- 
ed from the east till the 15th century, when a number of alum 
works were established in Italy. In the 16th century it was 
manufactured in Germany and Spain; and during Queen 
Klizabeth’s reign an alum work was established in England 
by Thomas Chalomer. The alum of commerce is usually ob- 
tained from native mixtures of pyrites and clay, or sulphuric 
acid and clay. 

Bergman has published a very complete dissertation on the 
process usually followed.* The earth from which it is pro- 
cured is usually called alum slate, because it is slaty. Its 
colour is blackish, because it contains some bitumen. In most 
cases it is necessary to..burn it before it can be employed ; 
this is done by means of a slow smothered fire. Some- 


* Opuse. i. 279. 
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times Jong exposure to the weather is sufficient to produce an 
efflorescence of alum on the surface. It is then lixiviated, and 
the water concentrated by evaporation, and mixed with putrid 
urine, or muriate of potash ; crystals of alum and of sulphate 
of iron usually form together. 

The composition of alum has been but lately understood 
with accuracy. It has been long known, indeed, that one of 
its ingredients is sulphuric acid;* and the experiments of 
Pott and Margraff proved incontestibly that alumina is another 
ingredient. But sulphuric acid and alumina are incapable 
of forming alum. Manufacturers knew that the addition of a 
quantity of potash or of ammonia, or of some substance con- 
taining these alkalies, is almost always necessary; and it was 
proved, that in every case in which such additions are unnces- 
sary, the earth from which the alum is obtained contains 
already a quantity of potash. Various conjectures were made 
about the part which potash acts in this case; but Vauquelint 
and Chaptal{ appear to have been the first chemists that 
ascertained by decisive experiments that alum is a triple salt, 
composed of sulphuric acid, alumina, and potash or ammonia, 
united together. | 

Alum crystallizes in regular octahedrons, consisting of two 
four-sided pyramids applied base to base. ‘The sides are 
equilateral triangles. ‘The form of its integrant particles, ac- 
cording to Haiiy, is the regular tetrahedron. Its taste is 
sweetish and very astringent. It always reddens vegetable 
blues. Its specific gravity is 1:7109.§ At the temperature 
of 60° it is soluble in from 15 to 20 parts of water, and in 3ths 
of its weight of boiling water. When exposed to the air 
it effloresces slightly. When exposed to a genile heat it 
undergoes the watery fusion. A strong heat causes it to swell 
and foam, and to lose about 44 per cent. of its weight, con- 
sisting chiefly of water of crystallization. || What remains is 
called calcined or burnt alum, and is sometimes used as a cor- 
rosive. By a violent heat, the greater part of the acid may 
be driven off. In that case, as was first observed by Milner, 


* Some chemists have thought proper to call the sulphuric acid, obtained 
by distilling alum, spirit of alum. 
' +.Ann. de Chim. xxi. 258. { Ibid. 280. 

§ Hassenfratz, Ann. de Chim. xxvii. 12. Wallerius found it 1°719 
(Chemistry, p. 266); and Dr. Watson, 1°757 (Essays, v. 67) ; Fahrenheit, 
4:738. (Phil. Trans. lin. 114.) 

|| Bergman. 1. 287. 
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a portion of the acid is decomposed into sulphurous acid and Chap. 1. 
p p p : 


oxygen gas. 2 

Though the properties of alum are in all cases pretty nearly 
the same, it has been demonstrated by Vauquelin that three 
varieties of it occur in commerce. The first is supersulphate 
of alumina-and-potash; the second, supersulphate of alumina- 
and-ammonia; the third is a mixture or combination of these 
two, and contains both potash and ammonia. It is the most 
common of all; doubtless, because the alum makers use both 
urine and muriate of potash to crystallize their alum. Vau- 
quelin, Thenard, and Roard have lately analyzed a number of 
specimens of alum manufactured in different countries. The 
result was that they all contain very nearly the same proportion 


of ingredients. ‘The mean of all the good analyses hitherto Constt- 


made is as follows: 
$ t t 
Pret 225% SOF? 3S DOOR 2 es 84698 
Alumina’: +2.) 10°60° £6. 19°53)... 10°86 
Pose AP Oe BP IO! 2 vo (FSI 
AN atet. is c0 AS 58> oc oa) BRAT! OU 45 


100°00 100°00 99°9 
‘The analysis of Berzelius is equivalent to 
Sulphate of alumina...... 2s- 36°55 


Sulphate of potash...... bea FO uD 
INN BGI bes “cara ay 


100°00 


If we consider it as a compound of 3 atoms sulphate of 
alumina, 1 atom sulphate of potash, and 23 atoms of water, 
its constitution will be as follows: 


Sulphate of alumina ........ 36°70 
Sulphate of potash...<...... 18°88 
WSO ice be. . vibe teitbiele fd MAAS 


100°00 

* Vauquelin, Ann. de Chim. |. 167. Small quantities of ammonia also 
occurred in several. 

+ Thenard and Roard, Ann. de Chim. lix. 72. The acid was estimated 
by means of sulphate of barytes, which they considered as containing only 
26 per cent. of sulphuric acid ; whereas it contains 34 per cent.; of course 
the proportion of that acid in the table is too small. 

+ Berzelius, Ann. de Chim. Ixxxii, 258. 
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Proportions which come sufficiently near the analysis to 
leave no doubt respecting their accuracy. 

From the analyses and experiments of Thenard and Roard, 
it appears that alum usually contains a little sulphate of iron. 
Its good qualities as a mordant in dyeing depend upon the 
proportion of that salt present. The more free it is from it the 
better. The purest alum examined contained about a 
part of its weight of sulphate of iron, the impurest about 
too: When freed from sulphate of iron every species of 
alum tried acts exactly in the same manner as a mordant.* 

When an unusual quantity of potash is added to alum li- 
quor, the salt loses its usual form and crystallizes in cubes. 
This constitutes a fourth subspecies of alum, usually distin- 
guished by the name of cubic alum. It contains an excess of 
alkali. 

When the potash is still further increased, Chaptal has ob- 
served that the salt loses the property of crystallizing altogether, 
and falls down in flakes. This constitutes a fifth subspecies 
of alum, consisting of sulphate of potash combined with a 
small proportion of alumina. 

2. The sulphates. All the varieties of alum are capable of 
combining with an additional dose of alumina, and forming 
perfectly neutral compounds; all possessed of nearly the same 
properties, and therefore confounded together as one salt. 

It may be prepared by boiling a solution of alum with pure 
alumina; the compound, as it forms, gradually precipitates 
in the form of a white powder. It was formerly denominated 
alum saturated with its earth. This salt does not crystallize, 
but has always the form of a tasteless powder. It is insoluble 
in water, and not altered by exposure to the air. Heat has 
no effect upon it unless it be very violent; and in that case 
part of the acid is disengaged. Sulphuric acid converts it 
into alum. It is less easily decomposed by other bodies than 
alum. Several of the acids dissolve slowly its last dose of 
alumina, and convert it into alum. This salt has not hitherto 
been applied to any use. Alum is capable also, as Chaptal 
informs us, of combining with several other bases, and of form- 
ing many triple salts, which have never yet been examined 
with attention.+ 

If three parts of alum and one of flour or sugar be melted 
together in an iron ladle, and the mixture dried till it becomes 


* Ann, de Chim. lix. 58. + Ibid. xxii. 293. 


SALTS OF ALUMINA. 


541 


blackish and céases to swell; if it be then pounded small, put hap. 11. 


into a glass phial, and placed in a sand-bath till a blue flame 
issues from the mouth of the phial, and after burning for a mi- 
nute or two be allowed to cool,* a substance is obtained known 
by the name of Homberg’s pyrophorus, which has the property 
of catching fire whenever it is exposed to the open air, espe- 
cially if the air be moist. 

This substance was accidentlly discovered by Homberg 
about the beginning of the 18th century, while he was en- 
gaged in his experiments on the human feeces. He had dis- 
tilled a mixture of human feces and alum till he could obtain 
nothing more from it by means of heat; and four or five 
days after, while he was taking the residuum out of the retort, 
he was surprised to see it take fire spontaneously. Soon after, 
Lemery, the younger, discovered that honey, sugar, flour, or 
almost any animal or vegetable matter, could be substituted 
for human feces; [and afterwards Mr. Lejoy de Suvigny 
showed that several other salts containing sulphuric acid may 
be substituted for alum.+ Scheele proved that alum deprived 
of potash is incapable of forming pyrophorus, and that sul- 
phate of potash may be substituted for alum.t And Mr. 
Proust has shown that a number of neutral salts, composed 
of vegetable acids and earths, when distilled by a strong fire 
in a retort, leaves a residuum which takes fire spontaneously 
on exposure to the air. From the observations of Davy and 
Coxe, there can be no doubt that. this pyrophorus owes its 
properties to a little potassium which it contains, and which 
is reduced during the process for making the substance. 

Sp. 10. Sulphate of lithia and alumina. Arvedson affirms 
that when sulphate of lithia is added to sulphate of alumina, a 
double salt is gradually deposited in octahedral or dodecahe- 
dral crystals.§ But Gmelin attempted three different times to 
form this salt without success. || It is probable therefore that 
aArvedson’s sulphate of alumina had not been quite free from 
alum. 

Sp. 11. Sulphite of alumina. This salt was first formed by 
Berthollet ; it has been described by Fourcroy and Vauquelin. 


* Care must be taken not to keep it too long exposed to the heat. 
+ See Macquer’s Dictionary. 

¢ Scheele on Fire and on Pyrophorus. 

§ Ann. de Chim. et de Phys. x. 93. 

|| Gilbert’s Annalen, Ixii. 418. 
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When formed by the usual process it remains in the state of 
a white powder, and does not crystallize though dissolved in 
an excess of acid. 

It is white and soft, and has an earthy and sulphureous taste. 
It is insoluble in water. When exposed to the air, it is gra~ 
dually converted into sulphate. Its solution in sulphurous acid 
undergoes this change much more rapidly. When heated, its 
acid disengages, and the alumina remains behind, mixed how- 
ever with a small proportion of sulphate of alumina. _ 

Sp. 12. Hyposulphite of alumina. Mr. Herschell did not 
succeed in obtaining this salt. When oxalate of alumina was 
dropped into hyposulphite of lime no precipitate fell. He as- 
sures us that oxalate of alumina occasions no precipitate in 
muriate or nitrate of lime, any more than in hyposulphite.* 

Sp. 13. Selenate of alumina. The neutral salt is obtained 
by precipitating muriate of alumina by biseleniate of ammo- 
nia. It is a white powder insoluble in water. When heated, 
it allows first its water, and then its acid to escape. 

Biseleniate is obtained by dissolving the seleniate or hydrate 
of alumina in selenic acid. It has an astringent taste, and 
yields by evaporation a transparent matter similar to gum.+ 

Sp. 14. Arseniate of alumina. Arsenic acid readily dissolves 
newly precipitated alumina. When the solution is evaporated, 
it gives a thick mass insoluble in water. This salt may be 
formed by mixing the alkaline arseniates with sulphate, nitrate, 
muriate, or acetate of alumina.t 

Sp. 15. Tungstate of alumina. An insoluble white powder. 

Sp. 16. Acetate of alumina. ‘This salt can only be formed 
by digesting acetic acid on alumina recently precipitated. By 
evaporation needle-shaped crystals are obtained, which are 
very deliquescent. ‘This salt has an astringent taste. Its spe- 
cific gravity 1s 1°245.§ Gay-Lussac has observed that when 
the solution of acetate of alumina is heated, one half of the 
alumina precipitates, but is taken up again when the solution 
cools.|| ‘The constituents of acetate of alumina are as follows: 


* Edin. Phil. Jour. i. 21. 

+ Berzelius, Ann. de Chim. et de Phys. x. 265. 
t Scheele, 1. p. 160. 

§ Hassenfratz, Ann. de Chim? xxviii. 12. 

|| Ann. de Chim. Ixxiv. 193. 
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Sp. 17. Benxoate of alumina. This salt forms dendritical 
crystals. It has a sharp bitter taste, is soluble in water, and 
deliquesces when exposed to the air. 

Sp. 18. Succinate of alumina. This salt, according to Wen- 
zel, crystallizes in prisms, and is easily decomposed by heat.§ 

Sp. 19. Camphorate of alumina. 'To prepare this salt, alu- 
mina, precipitated by means of ammonia and well washed, is 
to be mixed with water, and crystals of camphoric acid added. 
The mixture is then to be heated, filtered, and concentrated by 
evaporation. This salt is a white powder, of an acid bitterish 
taste, leaving on the tongue, like most of the aluminous salts, 
a sensation of astringency. Water at the temperature of 60° 
dissolves about =4,th part of its weight of this salt. Boiling 
water dissolves it in considerable quantities; but it precipitates 
again as the solution cools. Alcohol, while cold, dissolves it 
very sparingly; but when hot it dissolves a considerable quan- 


tity of it, which precipitates also as the solution cools. This. 


salt undergoes very little alteration in the air; but it rather 
parts with than attracts moisture. Heat volatilizes the acid ; 
and when the salt is thrown on burning coals, it burns with a 
blue flame. || 
Sp. 20. Suberate of alumina, ‘This salt does not crystallize. 
When its solution is evaporated by a moderate heat in a wide 
vessel, the salt obtained is of a yellow colour, transparent, 
having a styptic taste, and leaving an impression of bitterness 
onthe tongue. When too much heat is employed, it melts 
and blackens. It reddens the tincture of turnsole, and attracts 
moisture from the air. Before the blow-pipe it swells up, the 
acid is volatilized and decomposed, and nothing remains but 
the alumina.** 
_ Sp. 21. Oxalate of alumina. Oxalic acid readily dissolves 
alumina, and forms a salt which is uncrystallizable, but fur- 


* Richter, Statique Chimique, i. 136. | + Wenzel, p. 157. 

t Theoretical composition, supposing the salt composed of 2 atoms acid 
+ 1 atom alumina. 

§ Verwandt, p.,243. || Ann, de Chim. xxvii. 34. 

** Tbid. xxi. 55. 
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nishes on evaporation a yellowish pellucid mass. It s sparingly 
soluble in alcohol. It has a sweet astringent taste It is com- 
posed of : 

44 alumina 

56 acid and water 


100 


When exposed to the air it deliquesces; and if it has been 
previously well dried, its weight is increased by 2ds. It red- 
dens turnsole.* 


Sp. 22. Mellate of alumina. When mellitic acid is dropped 


into sulphate of alumina it throws down an abundant precipi- - 


tate in the form of a white flaky powder.+ 

Sp. 23. Tartrate of alumina. ‘This salt does not crystallize, 
but forms by evaporation a clear transparent gummy mass. Its 
taste is astringent. It is soluble in water. It does not deli- 
quesce in the air.{ 

Sp. 24. Tartrate of potash-and-alumina. ‘This triple salt is 
formed by saturating tartar with alumina. It bears a very 
striking resemblance to the last described salt. ‘Thenard has 


observed, that no precipitate is produced in this salt, either by 


the addition of alkalies or their carbonates.§ 

Sp. 25. Saclactate of alumina. A white powder insoluble in 
water. 

Sp. 26. Urate of alumina. A white powder, scarcely dis- 
tinguishable by its aspect from uric acid. 

Sp. 27. Malate of alumina. ‘This salt is almost insoluble in 
water.|| Of course it precipitates when malic acid is dropped 
into a solution containing alumina. Mr. Chenevix has pro- 
posed this acid to separate alumina from magnesia; which 
earths, as is well known, have a strong affinity for each other. || 

Sp. 28. Lactate of alumina. A salt not altered by exposure 
to the air, and having the appearance of gum.** 

Sp. 29. Gallate of alumina. When a small portion of alu- 
mina is mixed with the infusion of nut-galls, it separates the 
whole of the tan and extract, and leaves the liquid limpid and 
of a very pale yellowish green colour. ‘This liquid, by spon- 
taneous evaporation, yields small transparent prismatic crystals, 


* Bergman, li. 387. + Vauquelin, Ann. de Chim. xxxvi. 210, 
t Von Packen. § Ann, de Chim. xxxvii. 33. 

|| Ann. de Chim. xxviil. 921. 

** Braconnot, Ann, de Chim, |xxxvi. 88. 
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which, according to Davy, are stipergallate of alumina. They chap. 1. 


afford the only instance of a gallate capable of existing in the 
state of crystals. The quantity of alumina is very small; too 
small to disguise the properties of the acid. 


ie 


Such are the properties of the salts of alumina, as far as they 
have been hitherto examined. Their composition is easily de- 
termined by considering them as composed of 1 atom of alu- 
mina united to 1 atom of each of the acids. Anatom of alu- 
mina weighs 2°125, and the weight of an atom of each of the 
acids has been given in a preceding chapter of this volume. 

Several of the salts of alumina, as alum and the acetate, are 
very much employed by dyers and calico-printers as a mordant 
to fix the different colours upon cloth. Alum is likewise em- 
ployed in the preparation of leather, and for a great variety of 
other purposes exceedingly important in various manufactures. 


2 
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Zixconra dissolves in acids only when newly precipitated 
from its solutions and still moist. If it be dried, and especially 
if it be exposed to a red heat, it is acted on by acids with great 
difficulty. 


2. The alkalies, the alkaline earths, and the earths proper, General 


separate zirconia from all its combinations with acids. 

3. The greater number of the salts of zirconia are insoluble 
in water. ‘This is the case with the sulphate, sulphite, phos- 
phate, fluate, borate, carbonate, seleniate, oxalate, tartrate, ci- 
trate, saclactate, and gallate. The muriate, nitrate, acetate, 
benzoate, and malate, are soluble in water. 

4. The salts of zirconia have an astringent taste, harsh, and 
disagreeable, similar to some of the metalline salts. 

5. When sulphuric acid is dropped into a salt of zirconia, a 
white precipitate falls. 

6. When carbonate of ammonia is dropped into a salt of 
zirconia, a white precipitate appears, which is re-dissolved if an 
additional portion of the carbonate of ammonia be added. 

7. Oxalate of ammonia and tartrate of potash occasion a 
white precipitate when dropped into a salt of zirconia. 
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Division Il. of zirconia, occasions a white precipitate. The hydrosulphuret 
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Properties. 


of potash occasions no precipitate, if the solution be free from 
iron. 

Sp. 1. Nitrate of xirconia. This salt was first formed by 
Klaproth. Vauquelin has given us a detailed description of 
it. It may be easily formed by pouring nitric acid on newly 
precipitated zirconia. 

It always contains an excess of acid. By evaporating, a yel- 
lowish transparent matter is obtained, exceedingly tenacious 
and viscid, and which dries with difficulty. It has an astrin- 
gent taste, and leaves on the tongue a viscid matter, owing to 
its being decomposed by the saliva. It is only very sparingly 
soluble in water; the greatest part remains under the form of 
gelatinous and transparent flakes. Like all the other salts 
into which zirconia enters, it is decomposed by heat. It is 
decomposed also by sulphuric acid, which occasions a white 
precipitate soluble in excess of acid; by carbonate of ammo- 
nia, which produces a precipitate soluble by adding more car- 
bonate; and by an infusion of nut-galls in alcohol, which pro- 
duces a white precipitate soluble in an excess of the infusion, 
unless the zirconia contains iron; in which case the precipitate 
is a greyish blue, and part of it remains insoluble, giving the 
liquor a blue colour. This liquor, mixed with carbonate of 
ammonia, produces a matter which appears purple by trans- 
mitted light, but violet by reflected light. Gallic acid also pre- 
cipitates nitrate of zirconia of a greyish-blue, but the colour 
is not so fine. Most of the other vegetable acids decompose 
this salt, and form combinations insoluble in water.* 

Sp. %. Carbonate of zirconia. 'This salt was formed by Vau- 
quelin by precipitating zirconia from its solution in acids by 
alkaline carbonates. It isa tasteless white powder, composed of 


44°5 acid and water 
55°5 zirconia 


100°0 


When heated the carbonic acid is driven off. This salt is 
soluble in the three alkaline carbonates, and seems to form 
with them triple salts. 

Sp. 3. Borate of zirconia. A white insoluble powder. 


* Vauquelin, Ann. de Chim xxn, 199. 
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Sp. 4. Phosphate of zirconia. A white insoluble powder. Chap. 1. 

Sp. 5. Sulphate of xirconia. This salt was first formed by Nee fon 
Klaproth, but Vauquelin has described it with more precision. 
It is prepared by dissolving zirconia in sulphuric acid, and 
evaporating the solution to dryness. 

It is usually in the form of a white powder. It may, how- Properties. 
ever, be obtained in small needle-form crystals. It has no 
taste, and is insoluble in water. It is not altered by exposure 
to the air. It is very easily decomposed by heat: the acid 
readily flies off, and leaves the earth in a state of purity. This 
decomposition may be accomplished even by boiling in water ; 
the earth precipitates, and the acid remains in solution. Klap- 
roth informs us, that with excess of acid sulphate of zirconia 
forms transparent stelliform crystals, soluble in water, and 
having an astringent taste.* 

Sp. 6. Sulphite of zirconia. A white insoluble powder. 

Sp. 7. Seleniate of xirconia. A white powder insoluble in 
water and in selenic acid. It is decomposed by heat.+ 

Sp. 8. Acetate of zirconia. This salt may be formed by 
pouring acetic acid on newly precipitated zirconia. It has an 
astringent taste. It does not crystallize; but when evaporated 
to dryness, it forms a powder, which does not attract moisture 
from the air as acetate of alumina does.t It is very soluble 
in water and in alcohol. It is not so easily decomposed. by 
heat as nitrate of zirconia, probably because it does not ad- 
here so strongly to water.§ 

Sp. 9. Benzoate of zirconia. This salt is soluble in water, 
but its properties have not been investigated. 

Sp. 10. Oxalate of zirconia. A white insoluble powder. 

Sp. 11. Tartraie of zirconia. A white insoluble powder. 

Sp. 12. Crirate of zirconia. A white insoluble powder. 

Sp. 13. Saclactate of zirconia. A white insoluble powder. 

Sp. 14. Malate of zirconia. This salt is soluble in water, 
but its properties have not been examined. 

Sp. 15. Gallate of zirconia. A white insoluble powder. 


* Jour. de Phys. xxxvi. 187. 

+ Berzelius, Ann. de Chim. et-de Phys. x. 265. 
¢ Klaproth, Jour. de Phys. xxxvi. 188. 

§ Vauquelin, Ann. de Chim. xxii. 206. 
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Tue compounds which the acids form with the oxides of 


Division If. . 


~~ iron were formerly distinguished in chemistry by the epithet 


Characters. 


martial, because Mars was the title given by the alchymists to 
iron. ‘The most important of these salts have been long known. 
Few metals attract oxygen and combine with acids with more 
facility than iron; many of its salts, therefore, are found ready 
formed, or at least are often formed during the multiplicity of 
operations to which this very useful metal is exposed. Some 
of these salts have been long of great importance in manufac- 
tures. ‘They form the basis of writing ink and of the black 
dye, and are employed also to communicate several other co- 
lours to cloth. 

Iron is capable of combining with two doses of oxygen, and 
several of the acids unite with each of its oxides. There are, 
therefore, two sets of salts which have iron for their bases; 
one set containing the black oxide, the other the red. The 
last of these sets was scarcely attended to by chemists till 
Mr. Proust published his Researches on Prussian Blue in 
1797; in which he described the properties of the salt com- 
posed of the red oxide of iron and sulphuric acid; which, ac- 
cording to the rule formerly laid down, I shall call persulphate 
of iron. Since that time Davy has ascertained the existence 
of several more of these salts. 

The salts of iron may be distinguished by the following pro- 
perties: 

1. The greater number are soluble in water; and in ge- 
neral the solution has a greenish or yellowish-red colour, and 
an astringent taste. 

Z. Ferrochyazate of potash occasions in these solutions a 
precipitate of a deep blue, or at least which acquires that co- 
lour on exposure to the atmosphere. 

3. Hydrosulphuret of potash occasions a black precipitate. 

4. Sulphuretted hydrogen renders the solution nearly co- 
lourless, but occasions no precipitate.* 


* From this rule the oxygenized salts of iron must be excepted. In them, 
sulphuretted hydrogen occasions a precipitate. This precipitate is sulphur, 
thrown down by the decomposition of the sulphuretted hydrogen; at the 
same time the salt loses a portion of its oxygen. This gas likewise precipi- 
tates iron from its solution, in some of the weaker vegetable acids. 
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5. Gallic acid, or the infusion of nut-galls, oecasions a black 
or purple precipitate, at least if the solution has been for some 
time exposed to the air. 

6. Phosphate of soda, when dropped into a salt of iron, oc- 
casions a white precipitate. 

7. Benzoate of ammonia precipitates the persalts of iron of 
a yellow colour. 

8. Succinate of ammonia, dropped into solutions containing 
peroxide of iron occasions a flesh-coloured precipitate, and 
throws down all the iron. But this effect is not produced when 
the solution contains only protoxide of iron. 

Sp. 1. Nitrate of iron. Nitric acid, when as strongly con- 
centrated as possible, does not act rapidly on iron; but when 
the acid is of a moderate strength, the action is very violent, a 
prodigious torrent of gas is extricated, which Dr. Priestley 
found to be a mixture of protoxide and deutoxide of azote. 
During this action the iron is oxidized to a maximum, and a 
red powder precipitates, consisting probably of pernitrate with 
excess of base. ‘These phenomena have been long known; 
but it was not till after Mr. Proust’s Researches on the Prus- 
siates of Iron that the existence of two salts consisting of this 
acid, combined with each of the oxides of iron, was well un- 
derstood by chemists. It is the pernitrate of iron which is ob- 
tained by the usual process. Mr. Proust merely announced 
the existence of the simple nitrate, but it has since been exa- 
mined by Davy. 

1. Protonitrate of iron. When nitric acid of the specific 
gravity 1°16 is poured upon iron, it acts upon the metal but 
slowly, no gas being given out for some time. ‘The solution 
becomes of a dark olive-brown in consequence of the nitrous 
gas which it holds in solution; but when exposed to the air, it 
becomes pale, because that gas combines with oxygen and is 
converted into nitric acid. When alkalies are poured into it, 
a pale green precipitate falls, consisting of iron oxidized to a 
minimum. ‘This solution absorbs nitrous gas. It cannot be 
concentrated, nor even heated, without being converted into 
pernitrate.* | 

2. Pernitrate of tron. ‘This is the salt obtained when iron 
is treated with strong nitric acid, or when the nitrate is heated 
or left exposed to the air. ‘The solution is of a brown colour, 


* Davy’s Researches, p. 187. 
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and does not yield crystals. When evaporated, it lets fall a red 
powder, not afterwards soluble in nitric acid; and sometimes 
when concentrated assumes the form of a jelly. When strongly 
heated, the acid is disengaged, and the oxide remains in the 
form of a fine red powder. Hence solution in nitric acid, eva- 
porating to dryness, and digesting the residuum in water, is 
the method recommended by Bergman, and formerly practised 
by chemists, to separate iron from earths. The iron and earths 
are first dissolved together in nitric acid; by the evaporation 
to dryness, and a strong heat, the nitrate of iron is decom- 
posed, while the earthy nitrates remain unaltered. They are 
of course dissolved by the water, but the red oxide of iron is 
left untouched. 

Vauquelin has discovered a method of obtaining the perni- 
trate of iron in crystals. When concentrated nitric acid is 
kept for some months in contact with the black oxide of iron, 
solution slowly takes place, and crystals nearly colourless are 
formed, which have the figure of rectangular four-sided prisms, 
terminated by dihedral ridges. ‘These crystals have an acrid 
and inky taste, and are very deliquescent. Their sclution in 
water has a red colour, and the alkalies precipitate from it red 
oxide of iron.* 

Sp. 2. Carbonate of tron. Liquid carbonic acid, when kept 
in contact with iron, attacks it slowly, and dissolves a sufficient 
quantity of it to acquire a sensibly chalybeate taste. When 
exposed to the air, the iron is gradually precipitated in the 
state of oxide;+ and by boiling it is deposited in the form of 
a yellow ochre, still retaining a portion of acid. This carbo- 


‘nate often exists native in mineral waters. It may be obtained 


also by precipitating the sulphate of iron by means of an alka- 
line carbonate. In that case it is always in the form of a green 
mass, or hydrate, which gradually becomes black if the con- 
tact of air be excluded. 

The carbonate of iron has been found native crystallized in 
rhombs at Kulenloh in Bareuth, a mineral lately described and 
analyzed by Bucholz. It is somewhat transparent, has a green- 
ish-yellow colour, is brittle, easily pounded, and of the specific 
gravity 3°333. It dissolves slowly in acids. Its constituents, as 
ascertained by Bucholz, are 


* Fourcroy, vi. 205. + Bergman, i. 33. 
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The water was, doubtless, only mechanically mixed. This 
mineral has the curious property of becoming a permanent 
magnet when it is heated red-hot.* 

Rust may be considered as a carbonate of iron; for it con- Rust. 
sists of the oxide of that metal combined with carbonic acid, — 
Hence it dissolves in acids with effervescence, and when heated 
gives out carbonic acid gas: the residuum in that case is black 
oxide of iron.t Its brown colour seems to be owing to the 
presence of water. ‘There is likewise a subcarbonate of iron, 
which, from the experiments of Bergman, seems to be com- 
posed of about 

24 acid 
76 oxide 


100} 


The liquid known by the name of Stahl’s tincture of Mars, stents tte: 
because it was discovered by that illustricus chemist, has not > oe 
been examined by modern chemists; but it appears to be a 
triple, or rather quadruple saline compound. It is formed by 
pouring a solution of pernitrate of iron into liquid carbonate 
of potash: a red powder first precipitates, which is redissolved 
by agitating the mixture. The liquid of course is a pernitro- 
carbonate of potash and tron. But the combination is not per- 
manent; for the liquid soon deposites a red powder. 

Sp. 3. Borate of iron. Boracic acid acts very feebly upon s. Borate. 
iron: but borate of iron may be obtained very readily by pour- 
ing liquid borate of soda into a solution of sulphate of iron. 
A pale yellow powder immediately precipitates, which is the 


* Bucholz, Gehlen’s Jour. 1. 231. + Fourcroy, vi. 215. 
+ Bergman, 11. 392. 
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salt required. This salt is insoluble in water. Before the 
blow-pipe it melts readily into a globule of glass.* 

Sp. 4. Phosphate of iron. Phosphoric acid has but little ac- 
tion upon iron. However, if that metal remain exposed to 
the contact of phosphoric acid, or even to the solutions of salts 
which contain that acid, it is gradually oxidized, and converted 
into phosphate of iron. The properties of phosphated iron 
have not been examined with attention. Scheele has shown 
that the acid combines with both oxides, and forms of course 
both a phosphate and perphosphate of iron. F ourcroy and Vau- 
quelin have ascertained that there are two varieties of this last 
salt; one which had been already described by Bergman, 
Meyer, Klaproth, and Scheele, and another with excess of 
base, and consequently a subperphosphate, which these philoso- 
phers first observed. 

1. Phosphate of iron. When sulphate of iron dissolved in 
water is mixed with a solution of phosphate of potash, a blue 
powder precipitates, which is phosphate of iron. This pow- 
der is insoluble in water, and does not lose its colour when ex- 
posed to the air.t This salt is found native, and constitutes 
the colouring matter of a blue mineral called native prusstan 
blue, found in bogs, and first analyzed by Klaproth. Native 
prussian blue, as it is called, when dry out of the earth, is at 
first often colourless; but when exposed to the air, it becomes 
blue. The cause of this change has not been ascertained. 

This salt has been lately found native in small prismatic 
crystals. Specimens of it have been brought from Brazil and 
the Isle of France. Its colour is a light blue; it is partly 
transparent and partly opaque. Before the blow-pipe it runs 
into a metalline globule. When heated, it assumes the red 
colour of peroxide of iron. It dissolves readily in nitric acid. 
Its specific gravity is 2°6. By the analysis of Laugier, as con- 
firmed by Fourcroy and Vauquelin, it is composed of 


21 acid ’ 
45 protoxide 
34 water 


100t¢ 


I have examined phosphate of iron made artificially by mix- 


* Scheele, Crell’s Annals, i. 114. Eng. Trans, 
+ Ibid. i. 115. Eng. Trans. } Ann. de Chim. |, 214. 
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ing together solutions of sulphate of iron and phosphate of chap. 11, 
soda, and found it composed of equal weights of acid and base, 
or of 1 atom acid + 1 atom protoxide. ; 

2. Perphosphate of iron. ‘This salt may be readily procured 
by mixing together the solutions of permuriate of iron and 
phosphate of potash or soda. A white powder immediately 
falls, which is perphosphate of iron. 

This salt, like almost all the phosphates, is soluble in acids, 
but precipitated undecomposed by ammonia. It is almost in- 
soluble in water, as it requires more than 1500 parts of that 
liquid to dissolve 1 part of perphosphate. When heated vio- 
lently, it melts into an ash-coloured globule.* When mixed 
with charcoal, and heated to redness, it is converted into phos- 
phuret of iron. 

3. Subperphosphate of iron. When the perphosphate of iron 
is treated with the pure fixed alkalies, 4 red, or rather brown- 
ish-red, powder is separated, while the alkali combines with 
phosphoric acid. This powder was examined by Fourcroy 
and Vauquelin, and found by them still to contain a portion of 
acid. It is therefore merely perphosphate with excess of base. 
This salt is scarcely soluble in acids or in water. 

Sp. 5. Sulphate of iron. Concentrated sulphuric acid acts 5. Sut 
but very slowly upon iron, unless it be assisted by heat. In 
that case the metal is oxidized, and sulphurous acid gas ex- 
haled. But diluted sulphuric acid dissolves iron with great 
rapidity, and abundance of hydrogen gas is emitted. In this 
case the water is decomposed ; its oxygen combines with the 
iron, while its hydrogen is emitted. The solution has a ereen 
colour, and when evaporated immediately, yields crystals of 
sulphate of iron; but if allowed to remain exposed to the at- 
mosphere, it gradually attracts more oxygen, and is converted 
into persulphate, unless it contains an excess of acid; which 
retards, and, when sufficiently abundant, prevents the change. 

1. Sulphate of tron. This salt was known to the ANCientsy yistory. 
and is mentioned by Pliny under the names of misy, sory, and 
calchantum.+ In commerce it is usually denominated green 
vitriol or copperas. It is not prepared by dissolving iron in 
sulphuric acid, but by moistening the pyrites which are found 
native in abundance, and exposing them to the open air, 
They are slowly covered with a crust of sulphate of iron, 


* Bergman, iii. 118. +. Lib. xtxine cushee 


55% 


Book Ii. 
Division II. 


Properties. 


SALTS. 


which is dissolved in water, and afterwards obtained in crys- 
tals by evaporation. Sometimes the salt is found ready 
formed, either in a state of solution in water or mixed with 
decayed pyrites. In some cases it is found necessary to roast 
the pyrites before they can be made to undergo spontaneous 
decomposition. This is most probably owing to the compact 
state of the pyrites in these cases, and the absence of all un- 
combined iron. Pyrites is in fact a bisulphuret of iron. The 
roasting reduces it to the state of sulphuret, which decom- 
poses very readily. The solution always contains an excess 
of acid. Hence it is necessary, in order to obtain the salt in 
crystals, to throw into it a quantity of old iron. 

Sulphate of iron has a fine green colour. Its crystals are 
transparent rhomboidal prisms, the faces of which are rhombs 
with angles of 79° 50’ and 100° 10’, inclined to each other at 
angles of 98° 37’ and 81° 23’.* It has a very strong styptic 
taste, and always reddens vegetable blues. Its specific gravity 
is 1°8399.¢ It is soluble in about two parts of cold water, 
and in 8ths of its weight of boiling water. It is insoluble in 
alcohol. When exposed to the air, its surface gradually be- 
comes opaque, and is covered with a yellow powder; because 
it absorbs oxygen, and is partially converted into persulphate. 
This change takes place much more rapidly and completely if 
the salt be moistened with water. The cause of these pheno- 
mena was first explained by Scheele. 

When heated it melts, gradually loses its water of crystalli- 
zation, and by a strong heat sulphuric acid is driven off, and 
there remains behind a red powder, formerly known by the 
name of colcothar of vitriol, which is either a mixture of red 
oxide of iron and persulphate, or pure oxide, according to 
the heat applied. When this salt is distilled, there comes over 
first water slightly acidulated with sulphuric acid, and after-_ 
wards a very strong fuming acid, formerly known by the name 
of glacial oil of vitriol. The residuum is the same mixture of 
oxide and persulphate which is obtained by calcination in the | 
open air. This decomposition, which sulphate of iron under- 
goes when heated, enables it in many cases, in a high tempe- | 


* Haiy, Jour. de Min. An. v. 542. | 
+ Hassenfratz, Ann. de Chim, xxviii. 12. According to Wallerius, the | 
specific gravity is 1880 (Chemiz, p. 266); according to Dr. Watson, 1°812 | 
(Essays, v. 67); when calcined to whiteness, its specific gravity becomes | 


2°636 (Watson, ibid.) I found it 1:980. 
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rature to act nearly the same part as sulphuric acid. Hence cap. 1. 
it is often employed by manufacturers to disengage the weaker “~~ 
acids from their bases. 

This salt, according to the best analyses hitherto made, is 
composed of the following proportions : 


* + t § 
chs A | RO Gy ae Compote 
Base... 2S nee. 98S ccc e ORY yc as BE°RO9 ia 
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When the crystals of sulphate of iron are moderately 
heated, they assume at first a white colour; the same change 
of colour is observed when the salt, in the state of powder, is 
infused in alcohol. Hence we sce the separation of the water 
changes the colour from green to white; and if water be now 
poured on the white powder, it becomes again green. 

The sulphate of iron is decomposed by the alkaline phos- 
phates and borates, and by the greater number of those salts 
whose base forms an insoluble compound with the sulphuric 
acid, as nitrate of silver, of lead, of barytes, &c. 

2. Persulphate. Of this salt there are three subspecies, 
namely, neutral persulphate, tripersulphate, and subbipersul- 
phate. 

The neutral persulphate is formed when concentrated sul- 
phuric acid is digested on peroxide of iron in a flask. A 
white compound is obtained. It cannot be examined. But 
there cannot be a doubt, that if the acid and oxide be em- 
ployed in the proper proportions the compound wouid be 
neutral. When water is poured upon it a milky liquid is 
formed, which is gradually separated into two salts, a subsalt 
falls to the bottom in the state of a red powder, and a super- 

salt, which remains in solution in the water giving it a red 
colour. I conceive the original white matter to be a persul- 
phated hydrate. The reason why the neutral persulphate 
cannot be examined is that it is always decomposed when 
mixed with water. 

If pure crystallized protosulphate of iron be dissolved in 


* Kirwan on Mineral Waters, Table IV. + By my analysis. 

t Berzelius, Ann. de Chim. Ixxxii. 120. 

§ Theoretical composition, on the supposition that it is composed of 1 
|} atom acid, 1 atom protoxide, and 7 atoms water. 
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Book. Water acidulated with nitric acid and cautiously evaporated to 
Vision I dryness, taking care to drive off the whole of the nitric acid; 
but not using a temperature sufficiently high to disengage any 
of the sulphuric acid, the protoxide of iron is converted into 
peroxide. If water be poured upon this mass three-fourths of 
it are dissolved, and the remaining fourth is insoluble in 
Subbiper- water. ‘This insoluble portion is a reddish yellow powder 
uphatee without either taste or smell. Probably green vitriol might 
be converted into this matter by a cautious application of heat. 

It is composed. of 


hed oxide wt iron. 24, 96 S08 he BO 
Sulphuricecid “comic. a. WS 
20 100 

Now an atom of red oxide of iron weighs 10, and an atom 
of sulphuric acid 5. Hence it is obvious, that the powder is 
a compound of 2 atoms base + 1 atom acid. Or it is a sub- 
bipersulphate. 

The portion dissolved in water has a red colour with a tint 
of yellow. Its taste is intensely astringent and very harsh. 
When evaporated to dryness, and exposed to the air it spee- 
dily attracts moisture and deliquesces. It is soluble in alco- 
hol. It does not crystallize. When exposed to rather a 
strong heat it lets go a portion of its acid. If we now pour 
water on it, a part remains undissolved in the state of subbi- 
persulphate. The constituents of the soluble salt are, 


Peroxide*ofiron ...'31; 3°30. 20m 
Sulphuric. avid 0), 241, i 46°48 2.60 


See 


100 


Now 30 peroxide of iron amount to 3 atoms, and 45 sul- 
phuric acid amount to 9 atoms. Therefore the salt is com- 
posed of three atoms peroxide and 9 atoms sulphuric acid, or 
which is the same thing of 1 atom peroxide + 3 atoms acid. 
It is therefore a tripersulphate of iron. 

When peroxide of iron obtained from the pernitrate by 
ammonia is dissolved in sulphuric acid, and the solution eva- | 
porated to the consistence of a syrup, it gradually deposits oc- | 
tahedral crystals. These crystals are transparent and colour- | 
less and have a taste exactly resembling that of alum. They. 
dissolve readily in water. When heated they undergo the’ 
watery fusion and immediately become red. If the water of | 
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crystallization be driven off by heat they are divided into two chap. 11. 
portions, one of which is soluble and the other insoluble in i ee) 
water. ‘lhe constituents of this salt, according to the analy- 

sis of Mr. Cooper, are as follows: 


SMIBOMTIC CCIG. sms aeistes 31°58 
Peroxide GL ITO: « od cides a Fang? 
ON ALE rc shld Sg ne ae LOO 


100°00* 


We see that the weight of the acid is just double that of the 
oxide. Hence if we reckon the weight of an atom of per- 
oxide of iron 10 the salt will be a peng ite al But if 
we make the weight of an atom of peroxide of iron 5 the salt 
will be a bipersulphate. 

This salt was first obtained in crystals by Mr. Rainey of 
Glasgow. Mr. Sylvester of Derby appears also to have been 
acquainted with it. But it was first obtained in quantities, 
and its nature ascertained, by Mr. Cooper. 

Mr. Cooper has obtained likewise another persulphate of 
iron containing more acid, which crystallizes in white plates, 
and rather deliquesces on exposure to the air; but he has not 
yet succeeded in obtaining it in a state of sufficient purity for 
analysis. 

Sp. 6. Sulphite of iron. This salt can only be formed by 
dissolving recently precipitated protoxide of iron in sulphur- 
ous acid. It is insoluble in alcohol, and when exposed to the 
air is converted into sulphate of iron. 

Sp. 7. Hyposulphite of iron. Sulphurous acid attacks iron 7. Hyposul- 
with rapidity, much heat is produced, and the solution assumes ?™“ 
at first a brown colour, which gradually passes into a green. 
During this solution no hydrogen gas is emitted except a 
few bubbles at first. ‘The iron is oxidized at the expense of 
the acid, half the oxygen of which-combines with the iron, 
and converts it into black oxide, while the whole sulphur and 
the remaining oxygen unite with the iron. ‘The salt, there- 
fore, which is obtained by this process, is not sulphite of tron, 
but hyposulphite. These phenomena were first described by 
Berthollet.t When sulphuric acid or muriatic acid is poured 
into this solution, sulphurous acid is disengaged with effer- 


* Annals of Philosophy, xi. 298. + Ibid. 
+ Ann. de Chim, il. 58. 
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vescence; and if these acids be added in sufficient quantity, a 
portion of sulphur is precipitated. 

When the solution is exposed to the air, crystals of hypo- 
sulphite of iron are formed, and at the same time a red pow- 
der is deposited, probably consisting of perhyposulphite of iron 
with excess of base. The crystals dissolved in water and ex- 
posed to the air are gradually converted into sulphate of iron.* 

Mr. Herschel! has ascertained that this salt is formed when 
carbonate of iron is dissolved in sulphurous acid, and the li- 
quid boiled over flowers of sulphur. Its taste is strongly fer- 
rugenous. It does not crystallize, but yields a glutinous mass 
of a dirty white colour not unlike glazier’s putty.+ 

Sp. 8. Seleniate of iron. Of this salt there are four subspe- 
cles, namely, 


1. Protoseleniate of iron, 
2. Biprotoseleniate of iron, 
3. Perseleniate of iron, 

4. Biperseleniate of iron. 


(1.) Protoseleniate. Selenic acid scarcely dissolves iron; but 
the salt may be formed by mixing solutions of a protosalt of 
iron and an alkaline seleniate. It precipitates in the form of 
a white matter which gradually becomes yellow as the air acts 
upon it. When muriatic acid is poured on it, and heat ap- 
plied the acid is decomposed and selenium disengaged. 

(2.) Biprotoseleniaie is formed when the preceding salt is 
dissolved in selenic acid, or when a protosalt of iron is mixed 
with an alkaline biseleniate. It is but little soluble and gra- 
dually falls down. When a solution containing it is heated, 
this salt is decomposed, and a brown precipitate falls. 

(3.) Perseleniate is easily obtained by dropping an alkaline 
seleniate into a persalt of iron. It is a white powder, which 


- becomes yellowish on being dried. When heated it gives out 


its water and becomes red, and at a high temperature the acid 
may likewise be disengaged. 

(4.) When iron is dissolved in a mixture of selenic acid and 
nitromuriatic acid at the boiling temperature, taking care that. 
the whole of the nitric acid is not decomposed, the liquid de- 
posits during its cooling, a salt of a pistachio green colour on 
the sides of the vessel. This salt, which is insoluble in water, 
Berzelius considers as a biperseleniate of iron. 


* Foureroy, vi. 200. ¢t Edin. Philos. Jour i. 22. 
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When either of the two preceding salts is digested in am- ctep. 1. 
monia a portion of the acid is separated, and a subperseleniate “~~~ 
formed, which passes through the filter, and which may be 
deprived of its acid by the action of heat.* 

Sp. 9. Arseniate of zron. Arsenic acid dissolves iron when 9. Arseni- 
assisted by a digesting heat; and if the experiment be made ™* 
in an open vessel, the solution at last assumes the form of a 
jelly ; but in a close vessel this does not happen. When one 
part of iron-filings and four parts of arsenic acid are distilled 
together to dryness, inflammation takes place, and at the same 
time both arsenic and white oxide of arsenic are sublimed.t 
Arsenic acid, as we see from these facts, is capable, like other 
acids, of combining with both the oxides of iron, and of 
forming arseniate of iron and perarseniate of iron. Both of 
these salts have been found native in Cornwall, and have been 
described and analysed with great accuracy by Bournon and 
Chenevix. 

1 Arseniate of iron. ‘This salt may be formed by pouring 
arseniate of ammonia into sulphate of iron. The salt precipi- 
tates in the state of a powder, insoluble in water. It exists 
native crystallized in cubes, which in some instances have their 
alternate angles truncated. Their colour is usually dark 
green, and their specific gravity 3.{ When heated, the iron 
attracts oxygen from the acid, and passes to the state of red 
oxide, while white oxide of arsenic sublimes. This native salt is 
usually contaminated with a little copper. The artificial arse- 
niate, according to the analysis of Chenevix, is composed of 


38 acid 
43 oxide 
19 water 


100 


The native (abstracting the impurities) was found by the 
same accurate chemist to be composed of about 


36 acid . 
52 oxide 
12 water 


100§ 


* Berzelius, Ann. de Chim. et de Phys. ix. 337. + Scheele, 1. 177. 
s$ Bournon, Phil. Trans. 1801, p. 190. § Ibid. p. 220. 
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Book. 2. Perarseniate of iron. ‘This salt may be formed by preci- 
Division {f. _ - . : : . : 

pitating persulphate of iron with arseniate of ammonia, or by 
boiling the arseniate of iron in nitric acid. ‘The native arse- 
niate is sometimes found converted into this salt, in conse- 
‘quence of the absorption of oxygen from the air, it has then a 
brownish-red colour. According to the analysis of Chenevix, 

the artificial perarseniate is composed of 


42°4 acid 
37:2 oxide 
20°4 water 


100°0* 


10. Antimes Sp. 10. Antimoniate of iron. Antimoniate of potash preci- 

si pitates iron perfectly white, and the antimoniate of iron pre- 
serves its white colour as long as it is under water. But when 
dried in the open air it becomes yellowish grey. When heated 
it gives out water and becomes red. Before the blow-pipe on 
charcoal it is reduced, the antimony is volatilized, and the 
iron remains obedient to the magnet.+ 

Sp. 11. Chromate of iron. When chromate of potash is 
dropped into sulphate of iron, a fawn-coloured precipitate 
falls, which contains oxide of chromium. Hence it appears 
that the black oxide of iron decomposes chromic acid. Chro- 
mate of iron then does not exist.t Probably we might form 
a perchromate by substituting persulphate of iron for the pro- 
tosulphate. 

Sp. 12. Molybdate of iron. The alkaline molybdates preci- 
pitate iron brown from its solution in acids.§ 

Sp. 13. Tungstate of won. This salt exists native, and is 
known to mineralogists by the name of Wolfram. It may be 
formed by precipitating sulphate of iron by means of the 
tungstates. It is an insoluble powder, possessing properties 
‘similar to native tungstate of iron. As this native salt con- 
tains also manganese, and is not therefore a pure tungstate of 
iron, it will be proper to defer the description of it to the 
Second Part of this Work. 

14. Acetate. Sp. 14. Acetate of ron. The acetic acid dissolves iron with 
rapidity, producing an effervescence, and, like the other acids, 
it forms a salt with each of the oxides of that metal; but the 


* Phil. Trans. 1801, p. 225. 

+ Berzelius, Nicholson’s Journal, xxxv. 42. 

{ Vauquelin, Ann. de Chim, Ixx, 70. § Scher, i. 248. 
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properties of these salts have not been examined with atten 
tion. , 

1. Acetate of iron. This salt, as Davy affirms, may be easily 
procured by dissolving sulphuret of iron in acetic acid.* It 
yields by evaporation crystals of a green colour, in the form 
of'small prisms. It has a sweetish styptic taste, and its speci- 
fic gravity is 1°368.+ By exposure to the air, or by the ap- 
plication of heat, it is converted into peracetate. During this 
change a red subperacetate is precipitated. 

2. Peracetate of iron is a reddish-brown solution, incapable 
of yielding crystals, and assumes the form of a jelly when 
evaporated, It is deliquescent. This salt is much employed 
by calico printers, because it is more easily decomposed than 
any other of the oxygenized salts of iron. They prepare it 
either by mixing together sulphate of iron and acetate of lead, 
and leaving the solution exposed to the air, or by dissolving 
iron in an impure acetic acid, obtained by distilling wood. 

The acetates of iron are decomposed by heat, and the iroti 
left in the state of red or black oxide, according to the tempe- 
rature. 

Sp. 15. Benxoate of iron. A yellow powder insoluble in 
water. According to Trommsdorf, there exists a superben- 
zoate soluble in water and alcohol, capable of crystallizing and 
efflorescing in the air.t 

Sp. 16. Succinate of iron. Succinic acid dissolves the oxide 
of iron, and yields by evaporation small brown transparent 
radiated crystals.§ Persuccinate of iron is insoluble in water. 
Succinic acid accordingly separates iron from all other solu- 
tions. When succinate of soda is dropped into solutions con- 
tainilig peroxide of iron, a brownish red precipitate falls in 
light flakes, which is a persuccinate of iron. This salt is 
composed of 


61°5 acid and water 
38°5 oxide 


100°0 || 


Gehlen has shown, that by means of succinate of soda, iron 
may be very completely separated from manganese. To sucs 


* Journal of the Royal Institution, i. 308. 
+ Hassenfratz, Ann. de Chim. xxviii. 12. t¢ Ann. de Chim. xi. 3144, 
§ Wenzel’s Verwandtschaft, p. 240. Grindel’s Edit. 
|| Gehlen, Klaproth’s Beitrage, ii3. 63. 
VOL. II. 20 
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ceed, the solution must be neutral, and the iron oxidized to a 
maximum.* 

Sp. 17. Boletate of won. Boletate of ammonia occasions no 
precipitate in protosulphate of iron; but it throws down the 
whole of the iron from the persulphate in the state of a red 
powder. As it does not throw down lime, alumina, or man- 
ganese, this salt may be employed therefore to separate iron 
from other bodies.+ 

Sp. 18. Suberate of iron. Suberic acid gives a deep yellow 
colour to sulphate of iron, but occasions no precipitate.t{ 

Sp. 19. Oxalate of tron. Oxalic acid attracts iron rapidly, 
and dissolves it with effervescence, and forms a peculiar salt 
with each of its oxides. 

1. Oxalate is obtained by dissolving iron or its black oxide 
in that acid, and evaporating the solution. Prismatic crystals, 
of a green colour and sweet astringent taste, are formed, very 
soluble in water with an excess of acid, which fall to powder 
when heated. ‘They are composed of 


55 acid 
45 oxide 


100 


2. Peroxalate may be obtained by dissolving red oxide of 
iron in oxalic acid, or by exposing the first salt to the air in a 
digesting heat. It has the form of a yellow powder scarcely 
soluble in water, and incapable of crystallizing.§ 

Oxalic acid readily dissolves the oxides of iron even when 
combined with gallic acid. Hence it is often used to take spots 
of ink out of linen; and superoxalate of potash is usually sold 
in this country for that purpose, under the name of essential 
salt of lemons. 

Sp. 20. Mellate of iron. Mellitic acid precipitates iron from 
nitric acid in the state of an Isabella yellow powder, which is 
redissolved by the addition of muriatic acid.|| | 

Sp. 21. Tartrate of iron. 'Tartaric acid dissolves iron with 
effervescence, and combines with each of its oxides. 

1. Tartrate of tron may be formed, according to Retzius, 


* Bucholz, Gehlen’s Jour. ii. 515. 

+ Braconnot, Ann. de Chim. Ixxx. 278. 

¢ Bouillon Lagrange, Ann. de Chim. xxiii. 48. 
§ Bergman, 1. 268. 

{| Klaproth’s Beitrage, i. 181. 
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by pouring tartaric acid into sulphate of iron, and applying chap. 1. 


heat to the solution. Lamellar crystals are formed, sparingly 
soluble in water, which possess the properties of tartrate of 
iron. 

2. Pertartrate is usually formed when iron is dissolved in 
tartaric acid, and heat applied to the solution. It has a red 
colour, does not crystallize, but assumes the form of a jelly 
when evaporated. 

Sp. 22. Citrate of iron. Both the oxides of iron combine 
with citric acid. 

Citrate of iron may be obtained by dissolving iron filings in 
a solution of citric acid till the acid is saturated, taking care 
that air is excluded from the liquid during the solution. The 
solution is nearly colourless and deposits a white powder on 
standing, which is citrate of iron. It has an astringent and 
sweet taste; dissolves readily in water; but is insoluble in 
alcohol. When exposed to the air it speedily attracts oxy- 
gen, and becomes first yellow and then olive-green, being 
converted into percitrate. 

During the solution of the iron a white crystalline matter 
is deposited, which has an acid and astringent taste, and is a 
bicitrate of iron. It is not nearly so speedily converted into 
percitrate as the neutral citrate. 

The solution of percitrate of iron is olive-green. When 
evaporated to dryness it leaves a dark-brown, viscid, uncrys- 
tallizable salt, which, when hot, resembles melted rosin; but 
it becomes hard on cooling, and has an astringent taste ac- 
companied with sweetness. It speedily deliquesces, and dis- 
solves readily in water. 

Sp. 23. Saclactate of tron. Saclactic acid does not preci- 
pitate iron from sulphuric acid.* 

Sp. 24. Malate of ron. Malic acid forms with iron a brown 
solution, which does not yield crystals.+ 

Sp. 25. Lactate of won. Lactic acid dissolves iron with 
rapidity when assisted by heat. The solution, when left to 
itself, lets fall a great number of small crystals in the shape 
of fine four-sided needles. This salt is not altered by exposure 
to the air. It is scarcely soluble in water, and contains hardly 
any water of crystallization. When held to the flame of a 
candle it does not melt, but burns with flame, and leaves per- 
oxide of iron. Its colour is at first white; but when two or 


* Scheele, ii. 80. + Scheele, Crell’s Annals, ii. 10. Eng, Trans. 
Zo02 
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three times dissolved in water it is divided into two subspecies ; 
the first, which has a brown colour, is soluble in water and 
crystallizes with difficulty. The other, which contains an ex- 
cess of oxide, is white. 

Lactic acid united to peroxide of iron furnishes a brown 
incrystallizable salt.* 

Sp. 26. Gallate of iron. Mr. Proust first observed, that 
the gallic acid does not occasion any precipitate when poured 
into salts of iron containing that metal in the state of black 
oxide. Hence it follows that the gallate of iron, if it be form- 
ed in these cases, is very soluble in water and without colour ; 
but when gallic acid is poured into the oxygenized salts of 
iron, the solution becomes black, and a black precipitate, com- 
posed of gallic acid and red oxide of iron, immediately begins 
to fall: but it is so very fine and light, that the greater part 
of it remains long suspended; and if a quantity of mucilage 
or syrup be ie with the solution, the precipitate remains 
suspended altogether. It is the solution which constitutes 
writing ink. But ink is usually made by mixing the sulphate 
of iron of commerce with a saturated solution of nut-galls. 
Now the sulphate of commerce is a mixture of sulphate and 
persulphate of iron. ‘That part of the iron which is in the 
state of sulphate forms at first a colourless solution; but by 
attracting oxygen from the atmosphere, it gradually becomes 
black. Hence the reason that ink is often pale at first, but 
becomes black when the writing dries, in consequence of the 
absorption of oxygen. 

Gallate of iron is soluble in acids without decomposition, 
but it loses its colour in ver y strong acids. Hence the reason 
that these acids destroy the colour oe writing. 

Sp. 27. Ferro-sulphate of potash. ‘This salt may be formed 
by boiling together supersulphate of potash and iron-filings, 
and crystallizing the solution. it has been described by Link. 
The crystals resemble those of green vitriol. They effloresce 
in the air.t 

Sp. 28. Pe aunisiiels of ammonia. This triple salt has 
been mentioned by Fourcroy. It was obtained by dissolving 
the phosphate of iron in nitric acid, and precipitating by am- 
monia. An excess of that alkali redissolves the precipitate, 
but it appears again when the liquid is boiled for a sufficient 


* Braconnot, Ann. de Chim. Ixxxvi. 94. 
t+ Crell’s Annals, 1796, 1. 30, 
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length of time. It is a compound of phosphate of iron and Chap. 1. 
| aeoagaeadd 


ammonia.* 

Sp. 29. Ferrotartrate of potash. This triple salt was for- 
merly called tartarised tincture of Mars, chalybeated tartar, 
and tartarised iron. It may be formed by boiling two parts of 
tartar and one of iron-filings, previously made into a paste, 
in a proper quantity of water. The liquor by evaporation 
deposits crystals which form the salt wanted. 

Sp. 30. Ferromuriate of ammonia. ‘This salt, which has 
been long known, is obtained by dissolving in water 16 parts 
of sal ammoniac, and one part of permuriate of iron, eva- 
porating the solution to dryness, and subliming. ‘The yellowish 
mass sublimed is the triple salt. Its properties have not been 
examined with care. . 


Ee 


Such are the properties of the salts of iron as far as they 
have been ascertained. The composition of the protosalts of 
iron is easily determined by considering them as compounds 
of 1 atom protoxide + 1 atom ofeach of the acids. An atom 
of protoxide of iron weighs 4:5, and the weight of an atom 
of each of the acids has been given in a preceding chapter 
of this volume. ‘The composition of the persalts of iron is 
not so well understood. None of them has been analyzed, 
except the persulphate. I am inclined, at present, to the 
opinion that the peroxide of iron weighs 10, but its true 
weight can only be determined by a careful analysis of several 
of the salts into which it enters. 

The two most useful salts of iron are the sulphate and ace- 
tate. Both of which are employed in great quantities in dye- 
ing and calico-printing. The sulphate constitutes the colour- 
ing ingredient of ink and of prussian blue. Scarcely any of 
the other salts of iron have been applied to any useful purpose 
connected with domestic economy. 


SECT. XVIII. 
SALTS OF NICKEL. 


Tue scarcity of nickel, and the difficulty of obtaining it in 
a state of purity, have hitherto prevented the possibility of an 


* Ann. de Chim. |. 200. 
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accurate examination of the combinations which its oxide 

) forms with acids. The salts of nickel, therefore, are at pre- 
sent but very imperfectly known. They may be distinguished 
by the following properties: 

1. Its salts are in general soluble in water, and the solution 
has a beautiful green colour. 

2. Ferrochyazate of potash, when dropped into these solu- 
tions, occasions a precipitate of a milk-white colour. 

3. ‘The hydrosulphuret of potash occasions a black preci- 
pitate. 

4, Sulphuretted hydrogen gas occasions no precipitate. 

5. Gallic acid, and the infusion of nut-galls, occasion no 
precipitate, at least in the sulphate of nickel. 

Sp. 1. Nitrate of nickel. Nitric acid dissolves nickel or its 
oxide when assisted by heat. The solution has a green co- 
Jour, and yields by evaporation nitrate of nickel in the form 
of rhomboidal crystals, which, on exposure to the air, at first 
deliquesce, but afterwards fall to powder, and gradually lose 
their acid, so that only the oxide of nickel remains behind.* 
The nitrate of nickel contains the protoxide of that metal. 
If it be distilled cautiously, a subnitrate may be obtained, 
insoluble in water, and composed, according to the analysis 


of Proust, of 
Nickel 1g Hee 
Oxyeen; “25 5. ~ 
Acid 17 


142+ 
The nitrate of nickel, according to the same chemist, is 


composed of 
55 acid 


25 oxide 
20 water 


Sees 


100 
The constituents of this salt, supposing it a compound of 
1 atom protoxide of nickel + 1 atom acid + 3 atoms water 


ought to be 
INIOMIG BCIA 64.04 sale een 46°55 


Protoxide of nickel...... 30°17 
Oe i a cds avo ee 23°98 


100:00 
* Bergman, ii. 268. t Ann. de Chim. Ix. 273. 
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Were we to suppose Proust’s analysis of the subnitrate Chap. 1. 


nearly correct, it would be a compound of 1 atom acid and 
11 atoms of oxide. But the existence of such a compound 
as a salt does not seem very probable. What he examined 
was in all probability merely a mixture of subnitrate of nickel 
(composed of 2 atoms oxide and 1 atom acid) and oxide of 
nickel. 

Sp. 2. Ammonio-nitrate of nickel. This triple salt, first 
pointed out by Thenard, is obtained by adding ammonia in 
excess to the nitrate of nickel. By evaporation a green co- 
loured salt is obtained in crystals. The solution of this salt 
in water is not rendered turbid by alkalies; but the nickel is 
thrown down by hydrosulphurets.* 


Sp. 3. Carbonate of nickel. It does not appear from the s, car. 
‘ experiments of Bergman, that carbonic acid is capable of *™** 


combining with nickel directly. When 100 parts of pure 


nickel are dissolved in nitric acid, and precipitated by car- 


bonate of potash, the precipitate weighs when dried 293 parts; 
but when heated to redness it becomes 128. Hence carbonate 
of nickel must be composed of 


56°4 acid and water 
43°6 oxide 


100°0 + 
According to Proust the oxide amounts to 54 per cent. in 
this salt. { If we suppose the carbonate of nickel a com- 
pound of 1 atom acid + 1 atom base, it is obvious that its 
constituents must be 
Meid 44 20H. 386 
Onmider stn nod 61°4 


To reconcile this with Richter’s statement, we must sup- 
pose the salt to contain 29 per cent. of water. The proba- 
bility is, that it contains 3 atoms of water, which would make 
the composition as follows: 

Carbone sent 7. Pe. 2ST 
Protoxide of nickel ..... 41°66 


WVELGE 45 ata ie ecs * eae pes Wi, 
100°00 
* Ann. de Chim. xlu. 217. + Richter, Gehlen’s Jour. 11. 258. 


{ Ann. de Chim, Ix. 276. 
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Sp. 4. Borate of nickel. Boracic acid can only be combined 
with nickel by mixing an alkaline borate with a solution of 
nickel in some acid. 

Sp. 5. Phosphate of nickel. Phosphoric acid is capable of 
dissolving only a very small portion of the oxide of nickel. 
The solution does not yield crystals, and has scarcely even a 
green colour.* Hence it would seem that the phosphate of 
nickel is nearly insoluble. | 

Sp. 6. Sulphate of nickel. Sulphuric acid scarcely attacks 
pure nickel, but the solution is easily effected by dropping a 
little nitric acid occasionally into the sulphuric acid as the 
effervescence stops. If the impure nickel of commerce be em- 
ployed, we find, when the solution is completed, a considerable 
quantity of arsenious acid at the bottom of the vessel, Decant 
off the clear solution and concentrate it sufficiently. A fine 
crop of beautiful green crystals of sulphate of nickel is ob- 
tamed. Dissolve these crystals in water, and crystallize a 
second time. The crystals thus obtained consist of sulphate 
of nickel sufficiently pure for chemical purposes. ‘This salt 
crystallizes in four-sided rectangular prisms, terminated by 
three and six-sided irregular pyramids. The taste is astrin- 
gent and somewhat similar to that of sulphate of manganese; 
but not so strong. The salt is very soluble in water. The 
crystals are not altered by exposure to the air. When heated 
they swell up; but do not melt, and they assume a yellow 
colour, owing to the escape of the water. After this treat- 
ment, the salt dissolves again in water; but in general a little 
insoluble subsulphate is left behind. It is composed of 1 atom 
acid + 1 atom oxide + 7 atoms water, or by weight of 


Sulphuric acid...... see. 28°98 
Protoxide of nickel...... 25°36 
Water eeoevecs Coe ee Ceene 45°66 


I have obtained this salt, occasionally crystallized, in flat 
rectangular prisms about half an inch in length, terminated 
at each end by dihedral summits, having the angle at their 
apex about 79°. The respective dimensions of this crystal 
are as follows: 


* Bergman, il. 268. 
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Penotho 8. Voss 
Breadth 2.33.54 25 
*"Phiekness * 404.55" 13 
Lenyth of apex... 3 


The colour of these crystals is grass green. ‘They are 
transparent, and have a taste similar to the common sulphate 
of nickel, JI have never obtained a sufficient quantity of these 
crystals to subject them to a regular analysis. But I did not 
detect any other ingredient in them except sulphuric acid and 
oxide of nickel. 

‘Sp. 7. Ammonio-sulphate of nickel, When ammonia is poured 

into the solution of sulphate of nickel, a tripte salt is formed, 
which yields by evaporation crystals of a green colour, con- 
sisting of four-sided flat prisms terminated by four-sided 
pyramids.* 
— Sp. 8. Sulphate of nickel-and-potash. This salt was first 
described by Proust, who availed himself of its properties as 
a means to separate nickel and cobalt; a problem which has 
long occupied the attention of chemists. It may be formed 
by dropping potash into a solution of sulphate of nickel. By 
evaporation the triple salt is obtained in crystals. It is spar- 
ingly soluble in water. ‘The crystals are transparent rhom- 
boids of a beautiful emerald colour. By dissolving this salt 
in water, and crystallizing it repeatedly, the sulphate of cobalt 
is left behind in the mother water, being much less disposed 
to crystallize than the triple salt of nickel. The taste of the 
sulphate of nickel-and-potash is sweet like that of sugar of 
milk; but it leaves in the mouth a sensible acridity.t 

When this salt is heated it loses 24 per cent. of water. It 
contains only 15 per cent. of oxide of nickel.§ From these 
data it is probable that it is a compound of 1 atom sulphate 


* Link, Crell’s Annals, 1796, 1. 32. é 

+ The most elegant method of separating these two metals seems to be 
that of Thenard. The mixture of the two metals is to be thrown down by 
an alkaline carbonate, and then treated with oxymuriate of lime. The 
cobalt is converted into a peroxide insoluble in ammonia, but the nickel 
is still soluble. Digest in ammonia. The nickel alone is taken up. 
Drive off the ammonia; dissolve the oxide in nitric acid, and crystallize. 
Ann. de Chim. 1. 117. 

{ Proust,’ Jour. de Phys. xlvii. 169. 

§ Proust, Ann. de Chim. lx. 274. 
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of potash, 1 atom sulphate of nickel, and 6 atoms of water, 


Lor by weight of 


1. Arse- 
niate. 


12. Chroe 
mate. 


Sulphate of potash .......... 40°55 
Sulphate of nickel .......... 34°56 
WY BE Pais ois os isle gins 6s cia 


100:00 
Sp. 9. Sulphate of nickel-and-iron. This salt may be ob- 


tained by mixing together the solutions of nitrate of nickel 
and sulphate of iron, and evaporating the mixture; or by dis- 
solving at once the oxides of nickel and iron in sulphuric acid. 
The salt crystallizes in tables; its colour is green; and it 
effloresces when exposed to the atmosphere. * 

Sp. 10. Seleniate of nickel. The neutral salt is an insoluble 
powder, white while moist; but becoming pale apple-green 
when dried. The biseleniate is soluble, and gives a green 
matter resembling gum.t 

Sp. 11. Arsenate of nickel. Arsenic acid does not appear 
capable of dissolving pure nickel. The arseniate of this 
metal is soluble in water. lence nickel is not precipitated 
from its solutions either by arsenic acid or the arseniates, | 
This arseniate has an apple-green colour. When heated in a 
glass tube it loses its colour with its water, and becomes 
hyacinth-coloured and transparent. When heated to redness 
it becomes bright yellow and remains unaltered.§ 

Sp. 12. Chromate of nickel. Chromic acid dissolves the 
carbonate of nickel in considerable quantity ; but after some 
hours a pulverulent precipitate falls from the clear solution, 
which is again soluble in an excess of acid. This precipitate 
is probably a chromate of nickel. The acid solution gives by 
slow evaporation fern-leaved crystals in the state of eliptical 


plates, truncated on both sides, which towards the beginning | 


and end of the leaf-stalks becomes smaller, so as to preserve 
the resemblance. When these crystals are exposed to a high 
temperature the acid is decomposed and a black mass formed, 


* Link, Crell’s Annals, 1796, i. 32. 

+ Berzelius, Ann. de Chim. et de Phys. ix. 339. 

} The precipitates mentioned by Bergman and Scheele, as appearing 
when solutions of nickel were mixed with arseniate of potash, were doubt- 
less arseniate of bismuth; for that metal is usually present in solutions of 
impure nickel. 

§ Proust, Ann. de Chim. lx, 278. 
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which is insoluble in water and consists of oxide of chromium Chap. 1. 
and oxide of nickel.* 

Sp. 13. Molybdate of nickel. Molybdic acid precipitates 
nitrate of nickel white, provided there be no excess of nitric 
acid.+ 

Sp. 14. Acetate of nickel. Acetic acid dissolves nickel, and 14. acetate. 

forms with its oxide rhomboidal crystals ofa very green colour.} 
It is very soluble in water. The solution has a darker colour 
than the crystals. “When heated its acid is disengaged and it 
becomes black. It loses, when thus treated, 62°61 per cent. 
of its weight. A considerable quantity of carbonic acid and 
carbureted hydrogen is disengaged, and a little acetic acid 
comes over undecomposed. § 

Sp. 15 and 16. Benzoate and succinate of nickel, Neither 
benzoate nor succinate of ammonia occasion any precipitate in 
sulphate of nickel. Hence it is probable, that both the ben- 
zoate and succinate of nickel are soluble in water. 

Sp. 17. Owalate of nickel. Oxalic acid attacks nickel at a 17. ox- 
digesting heat, and a greepish white powder is deposited, ““* 
which is the oxalate of that metal. The same salt is precipi- 
tated when oxalic acid is dropped into the solution of nickel 
in sulphuric, nitric, or muriatic acids. It is scarcely soluble 
in water, and is composed, according to Bergman, of 2 parts 
of acid to 1 of metal.|| This would indicate a binoxalate. 

Sp. 18. Tartrate of nickel. ‘Tartaric acid does not attack 
nickel.** The compound which it forms with its oxide has 
not been examined. Neither are we acquainted with any of 
the remaining species of the combustible salts of nickel. 

Sp. 19. Sulphate of nickel-copper-and-iron. This salt is said 
by Link to be formed when the solution of nickel in nitric 
acid is mixed with sulphate of copper. It crystallizes, ac- 
cording to him, in blue-coloured prisms terminated by four- 
sided pyramids, and when exposed to the air falls to powder ; 
but his experiments would require to be verified by repetition.t ft 


RR 


The salts of nickel would require a more rigorous exaimi- 
nation than they have hitherto undergone. Chemists have 


* John, Annals of Philosophy, iv. 426. 


+ Hatchett, Phil. Trans. 1796. { Bergman, il. 268. 
§ Chenevix, Ann. de Chim. Ixix. 16 and 20. 
|| Bergman, 11. 269. *® Tid. 


+t Link, Crell’s Annals, 1796, 1.31. 
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been deterred from studying them by the difficulty of obtain- 
the oxide of nickel in a state of sufficient purity. Sul- 
phate of nickel obtained by the process described in this section, 
will afford a cheap method of procuring this oxide, sufficiently 
pure for experiments. 

The composition of the salts of nickel may be determined 
by considering them as compounds of 1 atom protoxide of 
nickel and 1 atom of each of the acids. An atom of protoxide 
of nickel weighs 4°375, and the weight of the acids has been 
given in a preceding chapter of this volume. 

None of the salts of nickel have as yet been applied to any 
useful purpose. | 


SECT cXEX: 


SALTS OF COBALT. 


THE salts of cobalt have attracted the attention of chemists, 
in consequence of the property which some of them have of 
changing their colour when heated, and thus forming what 
has received the name of sympathetic ink; an appellation 
given to ali liquids, the characters formed by which are 
colourless and invisible when written upon paper, but be- 


come visible and coloured by undergoing certain precesses ; 


and likewise to those liquids which form characters upon paper 
susceptible of changing their colour by certain processes. It 
is probable that chemists have not hitherto had an opportunity 
‘of often examining the pure salts of cobalt; for several of 
the other metals adhere to cobalt with such persevering ob- 
stinacy, that it is very difficult to obtain it in a separate state. 
The salts of cobalt may be distinguished by the following 
properties : 

1. ‘The greater number of them are soluble in water, and 
the solution has a reddish colour, at least when the salts are 
neutral.* 

2. ‘The alkalies, when dropped into these solutions, occasion 
a blue-coloured precipitate. + 

3. Ferrochyazate of potash occasions alight-green precipitate. 


* The solution of cobalt in muriaticacid, when concentrated, has a bluish- 


green colour as long as there is an excess of acid. 
t When the cobalt is contaminated with arsenic acid, or when it is dis- 
solved in arsenic acid, the precipitate by alkalies is reddish-brown. 


> 
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4. Hydrosulphuret of potash occasions a black precipitate, chap. 11 
soluble again if the hydrosulphuret be added in excess. Sul- diaper 
phuretted hydrogen gas occasions no precipitate in these 
- solutions.* 

5. Gallic acid produces no change; but the tincture of nut- 
galls occasions a yellowish-white precipitate. 

6. The ammoniacal solution of oxide of cobalt has the co- 
lour of port wine. It is not immediately precipitated by 
ferrochyazaté of potash; but after some time a reddish pre- 
cipitate falls. kale 

7. The salts of cobalt are not precipitated by hydriodate of 
zinc. 

8. Cobalt is not precipitated from its solution in acids by 
zinc. 

Sp. 1. Nitrate of cobalt. Nitric acid attacks cobalt when 1. nitrate. 
assisted by heat. The solution has a red colour, and yields by 
evaporation small prismatic crystals of a red colour, deliques- 
cent in the air, and decomposed by heat, leaving a deep red 
powder. . 

Sp. 2. Carbonate of cobalt. ‘The fixed alkaline carbonates 2. carbo. 
precipitate cobalt from its solutions in the state of a reddish- "** 
blue powder. ‘This insoluble carbonate contains, according 
to Bergman, 1th of its weight of carbonic acid.t 

Sp. 3. Borate of cobalt. Boracic acid does not act upon 3. Borate. 
cobalt, but it precipitates that metal from its solution in other 
acids in the state of a reddish-white powder. This borate is 
scarcely soluble in water. When heated it melts into a deep 
blue glass. { 

Sp. 4. Phosphate of cobalt. Phosphoric acid does not at- 4. Phos- 
tack cobalt; but it dissolves its oxides, and forms a deep wine- mete: 
red solution.§ 

Sp. 5. Sulphate of cobalt. Sulphuric acid requires a boiling 5. suiphate. 
heat before it can attack cobalt: sulphurous acid gas is dis- 
engaged, and a brownish red mass remains, which dissolves 
with facility in water. Sulphuric acid dissolves the peroxide 
of cobalt with difficulty; bubbles of gas are emitted during 
this solution, which Thenard supposed to be oxygen.|| The 
solution is always red; and yields by evaporation small needle- 


* Proust, Ann. de Chim. xxxv. 54. 
+ Opusc. ii. p. 388 and 392. It contained arsenic acid, as is obvious 
from its red colour. 
{ Wenzel’s Verwandtschaft, p. 258. 
§ Gren’s Handbuch, ni. 528. | Ann. de Chim, Ixu. 211. 
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Book it. form crystals, consisting of rhomboidal prisms, terminated by 
Chon! dihedral summits, This salt has a reddish colour. It 76 
soluble in 24 parts of water, but insoluble in alcohol.* This 

salt is not altered by exposure to the air. When heated, it 

loses 42 per cent. of water. The residue is rose-coloured and 
opaque. it may be exposed to a red heat in a retort without 
undergoing decomposition, except at those points which touch 


the glass. 
This salt, according to the analysis of Bucholz, is com- 
posed of 
26 acid 
30 oxide 
44 water 
100 + 


Supposing it a compound of 1 atom acid, 1 atom protoxide, 
and 7 atoms water, its constituents will be 


Sulphuric acid’ (F582) - 28°57 
Protoxide of cobalt .... 26°43 
Wraters 22 Ie pits at igagg 


100°00 


This species readily combines with sulphate of potash or 
sulphate of ammonia, and forms two species of triple salts, 
which have not hitherto been described with accuracy. The 
sulphate of potash-and-cobalt crystallizes in rhomboidal cubes. 
It is not so soluble in water as sulphate of cobalt, and yields 
only 26 per cent. of water when distilled.§ 

Sp. 6. Seleniate of cobalt. The neutral seleniate is an in- 
soluble red-coloured powder. The biseleniate leaves when 
evaporated a red beautiful shining varnish. || 4 

7 Arse- Sp. 7. Arseniate of cobalt. Arsenic acid, when digested | 

ae upon cobalt, acquires a red colour, but it does not dissolve the 
metal completely. Arsenic acid does not precipitate cobalt 
from its solution in acids; but the alkaline arseniates occasion | 
a precipitate of a fine red colour, which is arseniate of cobalt.** | 
This salt is found native: sometimes in the state of a fine red _ 


* Gren’s Handbuch, iii. 524. ¢ Proust, Ann, de Chim. lx 260. 


{ Beitrage, iii. 30. § Proust, Ann. de Chim. Ix. 260. 
| Berzelius, Ann. de Chim. et de Phys. ix. 339. 
** Scheele, i. 186. 


| 
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efflorescence, and sometimes crystallized in small four-sided chap. u. 
prisms or tables. —— 
When the arseniate of cobalt is heated in a glass tube it 
becomes violet, but is not decomposed, nor does it tinge the 
glass blue. It dissolves in nitric acid without effervescence. 
When its solution in muriatic acid is mixed with sulphuretted 
hydrogen, it does not become turbid till it has stood two 
hours. Potash precipitates blue oxide of cobalt, and combines 
with the acid.* 
Sp. 8. Antimoniate of cobalt. ‘This salt is obtained by 
dropping antimoniate of potash into a salt of cobalt. It isa 
red coloured precipitate, which gradually contracts and assumes 
the form of crystalline grains. It is soluble in water, but not 
very much so, According to Berzelius, it is composed ot 


AMUIMIONIC ACIG | «s,s ors «ss00 702 
Ckxicla: OF GOWAN i's ce ress LS 
ACE en. ahaa eG a ae oO 


99°3'T 


Sp. 9. Antimonite of cobalt. A bulky lilac coloured preci- 
pitate having no aspect of crystallization. It is pretty soluble 
in water. It contains 25 per cent. of water of crystallization.{ 
Remaining species.—10. Acetic acid dissolves the oxide of 10. Acetate. 
cobalt with facility. The solution does not crystallize; and 
when evaporated to dryness, soon deliquesces again. It has a 
fine red colour while cold, but becomes blue when heated.§ 
This solution forms a sympathetic ink: the characters drawn 
in it are colourless while cold, but become blue when heated. || 
11. Oxalic acid attacks cobalt, and converts it into a red 
powder, which is oxalate of cobalt. This salt is insoluble in 
water, but it dissolves in an excess of acid, and yields crystals. 
Oxalic acid precipitates an oxalate of cobalt from the solution 
of that metal in most acids.** , 
12. Tartaric acid dissolves the oxide of cobalt, and forms 12.Tartrate. 
a red solution which yields crystals.¢+ When tartrate of pot- 


* Proust, Ann. de Chim. Ix. 271. 

+ Nicholson’s Journal, xxxv. 42. 

{ Berzelius, Nicholson’s Journal, xxxv. 45. 
§ Wenzel’s Verwandtschaft, p. 150. 

|| Isleman, Crell’s Annals, 1785, 11. 25. 

** Bergman, 1. 270. t+ Gren. iil. 128. 
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ash is dropt into the solutions of cobalt, it precipitates the 
arseniates of iron and bismuth, if they be present, and they 
carry with them a portion of the cobalt. By spontaneous 
evaporation the liquid yields large rhomboidal crystals of tar- 
trate of potash-and-cobalt. 

13. Lactic acid readily dissolves the protoxide of cobalt. 
The solution is red, and when evaporated deposits crystalline 
crusts. ‘The crystalline grains do not appear to contain any 
water of crystallization. They dissolve in 38 times their 
weight of water at 70°. When heated they do not melt but 
become black, take fire, and leave oxide of cobalt.* 

Sp. 14. Ammonio-nitrate of cobalt. When a solution of 
cobalt in nitric acid is supersaturated with ammonia, it is well 
known that no precipitate appears. When this solution is 
evaporated to dryness, and the residue is treated with water, 
a red solution is obtained, which yields by slow evaporation 
regular cubes of a red colour. These crystals are a triple 


salt, composed of nitric acid, ammonia, and oxide of cobalt, . 


They were first observed by Thenard. Their taste is urinous ; 
they are not altered by exposure to the air. When heated 
they burn with a yellowish-white flame, like nitrate of am- 
monia, leaving an oxide of cobalt. Their solution in water 
is neither precipitated by alkalies nor alkaline earths; but 
when boiled .with potash, ammonia jis disengaged, and the 
oxide of cobalt precipitates.+ 


The salts of cobalt, as is evident from the preceding ac- 
count of them, have been but imperfectly examined. Their 
composition is easily determined by considering them as com- 
pounds of 1 atom of protoxide of cobalt, and 1 atom of each 
of the acids. An atom of protoxide of cobalt weighs 4°625, 
the weight of the acids has been given in a preceding chapter 
of this volume. The salts of cobalt have not hitherto been 
applied to any useful purpose. 


* Braconnot, Ann. de Chim. Ixxxvi. 89. 
+ Thenard, Ann. de Chim. xhi. 245. 
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Mosr of the properties of this genus of salts with which we 
are even at present acquainted were ascertained by Bergman 
and Scheele, by whose labours the oxide of manganese, one of 
the most important of all our instruments, was first put into 
the hands of chemists, and by Dr. John who investigated the 
salts of manganese with some care.* The salts of manganese 
may be distinguished by the following properties : 

1. ‘They are almost all soluble in water; and the solution, 
when treated with fixed alkalies, deposites a white or reddish- 
coloured precipitate, which very soon becomes black when ex- 
posed to the air. 

2. Ferrochyazate of potash occasions a white precipitate 
when dropped into these solutions. 

3. Hydrosulphuret of potash occasions a white precipitate. 
Sulphuretted hydrogen gas gives the solution a white colour, 
but produces no precipitate. 

4, Gallic acid and infusion of nut-galls, occasion no preci- 
pitate, 

5. Manganese is not precipitated from its solution in the 
metallic state by any of the other metals. 

6. The salts of manganese are not precipitated by succinate 
or benzoate of ammonia. 

Sp. 1. Nitrate of manganese. Nitric acid dissolves manga- 
nese with effervescence, occasioned by the emission of nitrous 
gas. It dissolves the carbonate with facility, but it has very 
little action on the black oxide; however, by very long diges- 
tion, it at last dissolves a part of it. The solution goes on 
much more rapidly if a little sugar or gum, or any similar 
substance, be added, and at the same time a quantity of car- 
bonic acid gas is emitted. Hence we see that the black oxide 
must part with a portion of its oxygen before nitric acid can 
dissolve it. Nitrous acid acts upon the black oxide much 
more readily, and is converted entirely into nitric acid. The 
solution, in what manner soever it has been made, is always 
colourless, provided the manganese be pure. Hence we may 
conclude that it contains only the protoxide. So that, as far 


* Gehlen’s Journal fiir die Chemie, Physick, und Mineralogie, iii. 452. 
VOL. Ff. 2P 
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as is known at present, there is no such substance as pernitrate 
of manganese. 

By dissolving carbonate of manganese in nitric acid and 
evaporating cautiously, Dr. John obtained nitrate of manga- 
nese in needle-form crystals. Their colour: was white, they 
were semitransparent, had a sharp bitter taste, were very so- 
luble in water, deliquesced by exposure to the air, dissolved in 
alcohol, and the solution burnt with a green-coloured flame.* 

Sp. 2. Carbonate of manganese. Carbonate of manganese is 
easily obtained by pouring carbonate of potash into a solution 
of sulphate or nitrate of manganese, a white powder precipi- 
tates which on drying acquires a slight shade of yellow. It is 
tasteless, is not altered by exposure to the air, and is insoluble 
in water. It is composed of 


Carboni’ GCG isa cao cas oe 37°93 
Protoxide of manganese .... 62°07 


100°00 


When we dissolve it in acids there is always some black oxide 
separated. 

Sp. 3. Silicate of manganese. The mineral distinguished by 
the name of foliated red manganese ore appears to be in reality 
a silicate of manganese nearly pure. It has a rose-red or flesh- 
red colour, a foliated fracture, has a slight degree of translu- 
cency, is hard enough to scratch glass, and has a specific gra- 
vity of 3°5384. Its constituents, according to the analysis of 
Berzelius, are 


Oxide of manganese ........ 52°60 
Sica. “Sosa ua so Oe ws ogee Oe 
Cade of Son oo Coo 
MUNG t\ 2 ss ek eee egies eRe Oe 
Volatile niattet). oS. ss ee ee 


201°05+ 


Now, if we abstract the small quantity of iron, lime, and 
water which are present, the other ingredients approach very 
nearly to the proportions resulting from a combination of 2 
atoms of silica with 1 atom of oxide of manganese. It is 
therefore a bisilicate of manganese. Berzelius mentions a sili- 
cate of manganese, distinguished among mineralogists by the 


* Gehlen’s Journal, iw. 437. + Afhandlingar, i. 105. 
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name of svart mangankisel (black manganese flint.) But Iam 
not acquainted with it.* 

Sp. 4. Phosphate of manganese. Phosphoric acid has but 
little action on manganese or its oxides, because it forms with 
them a salt difficultly soluble in water. But phosphate of man- 
ganese may be obtained in the form of a precipitate, by mix- 
ing an alkaline phosphate with the solution of manganese in 
any of the three mineral acids.t This salt has not been hi- 
therto examined. 

Sp. 5. Sulphate of manganese. Sulphuric acid acts with lit- 
tle energy on manganese, even when diluted with two or three 
times its weight of water, and even when assisted by heat. It 
dissolves readily the protoxide of manganese: but it has no 
action whatever on the black oxide unless assisted by heat. 
When that is the case, oxygen gas passes off in abundance, 
and the oxide is dissolved. ‘The same solution takes place 
without the emission of that gas when a little sugar is added to 
the mixture. So that we have two combinations of sulphuric 
acid and manganese; first, the combination of sulphuric acid 
and the protoxide, which forms sulphate of manganese ; and, 
secondly, the combination of the acid with the peroxide, which 
constitutes persulphate of manganese. 

1. Protosulphate of manganese. ‘This salt is easily obtained 
by dissolving carbonate of manganese in sulphuric acid. It 
crystallizes in rhomboidal prisms which are not altered by ex- 
posure to the air. Its taste is rather sweetish with a very slight 
impression, similar to that of sulphate of zinc, 100 parts of 
water at the temperature of 40° dissolve 31 parts of this salt 
previously dried in the temperature of 150°. Its specific gra- 
vity is 2°877. It is insoluble in alcohol.t 

Sulphate of manganese is not precipitated by oxalate of pot- 
ash, borate of soda, nor tartaric acid. Its-constituents, ac- 
cording to John, are as follows: 

Sulphuric acid hivsewLanes i 93°66 
Protoxide of manganese .... 31°00 
WA BUST S's VO ees eas BOs 


100°00§ 
If we suppose it a compound of 1 atom acid, 1 atom protox- 
ide, and 5 atoms water, its composition must be as follows: 
* Afhandlingar, iy. 4. t Scheele, 1. 48—Bergman, ii. 219. 


¢ John, Annals of Philosophy, ii. 183. 
§ Tbid. il. 114. 
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Sulphuric acid. .....44++0+++ 33°05 
Protoxide ..s0s: 24s sede tle 
Water (2ee7.. ROTOR ere 


100°00 


Now these numbers come sufficiently near those of John to 
show that the composition of the salt is rightly stated. 

2. Persulphate of manganese. This salt may be obtained by 
distilling sulphuric acid from the black oxide of manganese, — 
and washing the residuum in water. A red or rather violet- 
coloured liquor is thus obtained, which holds in solution the 
persulphate of manganese. ‘This solution is difficultly crys- 
tallized, but passes readily into a gelatinous form. ‘The few 
crystals which are mixed with this jelly are soft, and have but 
little permanency. When evaporated to dryness, it yields thin 
redecoloured saline crusts, which precipitate successively from 
the surface, and which do not readily deliquesce. ‘This salt is 
very soluble in water; and alkalies precipitate the manganese 
in the state of a red oxide, which soon becomes black when ex- 
posed to the air.* 

Sulphurous acid readily dissolves the black oxide of manga- 
nese, and forms with it sulphate of manganese, as Scheele as- 
certained.t The theory of this is obvious. Part of its oxygen 
is abstracted from the manganese by the acid ; in consequence 
of which, the black oxide is converted into white oxide, and 
the sulphurous into sulphuric acid. It is not known whether 
sulphurous acid forms with the oxides of manganese a perma- 
nent salt. 

Haussman has proposed the sulphate of manganese for 
marking lines so as not to be effaced by the action of chlo- 
rine. The solution of this salt in water is mixed up with any 
vegetable colouring matter to the proper consistence, and ap- 
plied to the linen, which is then passed through an alkaline 
ley. The oxide of manganese is thus precipitated upon the 
cloth ; and by the action of chlorine, its colour becomes yel 
lowish brown.{ | 

Sp. 6. Hyposulphite of manganese. ‘This salt remains in so- 
lution when hyposulphite of lime is precipitated by sulphate of | 
manganese.§ | 


* Bergman, p. 215. + Scheele, i. 43. 
t Ann. de Chim. lin. 208. 
§ Herschell, Edin. Phil, Jour. i. 24. 
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Sp. 7. Hyposulphate of manganese. This salt is very solu- Chap. 11. 
ble in water, and even deliquescent.* sbihiosibia 

Sp. 8. Seleniate of manganese. The neutral salt is a white, 
soft, insoluble powder. It is very fusible; but preserves its 
acid very well in close vessels. In the open air, on the con- 
trary, the manganese absorbs oxygen, and allows the acid to 
make its escape. This salt attacks and corrodes glass much 
more violently than either the seleniate of lime or of magnesia. 

The biseleniate is very soluble in water; by evaporation it 
yields a crystallizable saline mass. A high temperature drives 
off the excess of its acid.+ 

Sp. 9. Arseniate of manganese. Arsenic acid dissolves the 9. Arse- 
protoxide of manganese with facility ; and when it approaches ™* 
the point of saturation, the solution becomes thick, with small 
crystals, which separate. These crystals are arseniate of man- 
ganese. ‘They are precipitated when an alkaline arseniate is 
dropped into the solution of manganese in an acid. These 
crystals do not melt when heated; neither does arsenic sub- 
lime, unless charcoal be mixed with them.t The arseniate of 
manganese is insoluble, unless there be an excess of acid pre- 
sent. Sulphuric acid dissolves it, and crystals are obtained, 
which constitute a triple salt.§ 

Sp. 10. Antimoniate of manganese. This salt is a white pow- 30, Antic 
der not altered by exposure to theair. It is very little soluble mo 
in water. When heated it gives out water and becomes grey. 
When the heat is carried nearly to redness, combustion takes 
place, and the salt becomes again white. || 

Sp. 11. Chromate of manganese. Chromic acid acts very 
slowly on manganese, but it dissolves the carbonate with effer- 
vescence. The solution is chesnut brown, and has a sharp me- 
tallic taste. It does not crystallize. When the solution is eva- 
porated, the manganese together with a portion of the chromic 
acid falls in the state of a black powder.** 

Sp. 12. Tungstate of manganesé. ‘Tungstic acid and water 12. ‘Tung 
boiled on powdered manganese convert it into a white powder, “*” 
as it does likewise the carbonate of manganese. ‘Tungstate of 
manganese may be obtained by dropping tungstate of potash 


* Gay-Lussac ; Annals of Philosophy, xiv. 355. 

+ Berzelius ; Ann. de Chim. et de Phys. ix. 266. 
{ Scheele, i. 188. § John, Gehlen’s Jour. iy. 443. 
|| Berzelius, Nicholson’s Jour. xxxv. 42. 


** John, Gehlen’s Jour. ibid. p. 441. 
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Book I. into a solution of manganese. It is a tasteless white powder, 

usin I insoluble in water, and not altered by exposure to the air. 
When heated it becomes yellow, and then brown, but does 
not melt.* 

13. Acetate. Sp. 13. Acetate of manganese. Acetic acid dissolves man- 
ganese and its carbonate very slowly. ‘The solution readily 
crystallizes in beautiful rhomboidal tables. They have a red- 
dish colour, are transparent, and not altered by exposure to 
the air. Their taste is astringent and metallic. They dissolve 
in 31 times their weight of cold water. They are soluble like- 
wise in alcohol, Their constituents according to John are 30 
oxide, and 70 acid and water.t If we suppose it a compound 
of 1 atom acid, 1 atom protoxide, and 4 atoms water, its con- 
stituents must be 


WCCUG ACIO os ts Seo. a 5 pas os ak eG 
Protoxide of manganese...... 29°33 
Water e@oee eevee eoe eee © OB © oe 29° BR | 


100°00 


14. Ben- Sp. 14. Benzxoate of manganese. Benzoic acid dissolves man- 

foal: ganese and its carbonate slowly. The solution yields thin pris- 
matic crystals, which are colourless, transparent, and are not 
altered by exposure to the air. They have a sweetish astrin- 
gent taste, which leaves a bitterish impression. At the tem- 
perature of 66°, they require 20 times their weight of water to 
dissolve them. They are soluble likewise in eee When 
distilled they yield a very little water, but a good deal of oil. 
According to John they are composed of 24 oxide and 76 acid 
and water.t Supposing it a compound of 1 atom acid + 1 
atom protoxide, its constituents must be 


Bengore acid:tiss xiikx: ind BSAA OO? 
Protoxide of manganese .... 23°08 


100°00 
Hence it seems to follow from John’s analysis, that benzoate 

of manganese contains no water of crystallization. 
15. Sueci- Sp. 15. Succinate of manganese. Succinic acid dissolves 
ae manganese and its carbonate very readily. The solution has 
a reddish colour and yields when evaporated crystals which are 


* John, Gehlen’s Jour. xxxv. p. 442. ¢ Ibid. p. 440. 
{ Gehlen’s Jour. ibid. p. 438. 
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sometimes four-sided prisms, sometimes four-sided tables, and 
sometimes octahedrons, composed of two four-sided pyramids 
applied base to base. ‘These crystals are transparent. They 
appear colourless when viewed singly; but when laid in num- 
bers above each other they assume a rose-red colour. When 
heated they become opake, white, and similar in appearance to 
porcelain. ‘They are insoluble in alcohol. At the tempera- 
ture of 66° they require ten times their weight of water to dis- 
solve them. When distilled they yield water, brown oil, and 
an inflammable gas. According to John they are composed of 
30°27 protoxide of manganese and 69°73 acid and water.* Sup- 
posing this salt a compound of 1 atom acid and 1 atom pro- 
toxide, its composition must be 


SUCCINIC ACIC... «0.6 vehi es hae pc OO Ls 
Protoxide of manganese .... 41°87 


100°00 


When we compare these numbers with the analysis of John, 
it is evident that the crystals of succinate of manganese are 
composed of 1 atom acid, 1 atom protoxide, and 4 atoms water. 

Remaining species. —16. Oxalic acid attacks manganese, and 
dissolves the black oxide with effervescence. The solution, 
when saturated, lets fall the oxalate of manganese in the state 
of a white powder. Oxalic acid precipitates the same powder 
from the solution of manganese in sulphuric, nitric, or muri- 
atic acid. 

17. Tartaric acid dissolves black oxide of manganese cold ; 
but the solution is blackish: When heated, an effervescence 
ensues, owing to the decomposition of part of the oxide and 
the escape of carbonic acid gas ; and the solution becomes co- 
lourless. 

18. Citric acid acts upon the black oxide of manganese ex- 
actly as tartaric acid. t 

19. Tartrate of potash-and-manganese. When tartrate of 
potash is mixed with a solution of manganese, no immediate 
change takes place; but if the mixture be set aside, a great 
number of small prismatic crystals of a reddish brown colour 
are deposited, consisting of tartrate of potash combined with 


* Gehlen’s Journal, xxxv. p. 439. + Bergman, 1. 272, and ii. 219. 
{ Bergman, u. 220. 


583 


Chap. I. 


16. Oxalate. 


1 Me Tare 
trate. 


584 


Book If. 


' Division 11, 


nae 


Characters. 


wl. Nitrate. 


SALTS. 


the oxide of manganese. They are sparingly soluble in water. 
Heat decomposes them by destroying the acid. Richter pro- 
posed the formation of this salt as one of the best means of 
procuring an oxide of manganese in a state of purity ; but 
succinate of potash answers the purpose better, by effectually 
separating the iron, the only metal with which manganese is 
contaminated in common cases, 


SECT. XXI. 
SALTS OF CERIUM. 


For the facts respecting this genus of salts at present known, 
we are chiefly indebted to the labours of Klaproth, Hisinger, 
Berzelius, and Vauquelin. The salts of cerium possess the 
following properties : 

1. They are either white or yellow-coloured, according to 
the state of oxidizement of the oxide. 

2. Their solutions in water have a sweet taste. 

3. Hydrosulphuret of potash occasions only a white preci- 
pitate consisting of the oxide of cerium. Sulphuretted hy- 
drogen occasions no precipitate. 

4. Ferrochyazate of potash occasions a milk-white precipi- 
tate, soluble in nitric and muriatic acids. 

5. Gallic acid and the infusion of nut-galls occasion no pre- 
cipitate. 

6. The oxalate of ammonia occasions a white precipitate, 
which is soluble in nitric and muriatic acids, 

7. Arseniate of potash when dropped into solutions of salts 
of cerium occasions a white precipitate. Tartrate of potash 
occasions no precipitate. 

Sp. 1. Netrate of cerium. Nitric acid unites with both the 
oxides of cerium. With the white oxide it combines most 
readily, especially when that oxide is in the state of a carbo- 
nate. The solution is colourless, crystallizes with difficulty, 
retains an excess of acid, and has an austere and sweet taste, 

The red oxide dissolves with difficulty in cold nitric acid, but 


‘readily when the action of the acid is promoted by heat. The 


solution is yellow; and when it contains an excess of acid, it 
yields small white crystals, which deliquesce when exposed to 
the air. The saturated solution does not crystallize, 
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Both the nitrate and pernitrate of cerium are soluble in al- Chap. 1. 
cohol. Heat decomposes them, leaving a red-coloured oxide.* 

Sp. 2. Carbonate of cerium. Carbonic acid combines rea- 2. Carbo- 
dily with the white oxide of cerium. The easiest way of form- a 
ing the carbonate is to precipitate white oxide of cerium from 
its solution by means of an alkaline carbonate. ‘The precipi- 
tate is granular, of a silvery whiteness, and insoluble in water | 
acidulated with carbonic acid. According to the analysis of 
Klaproth, carbonate of cerium is composed of 


23 acid 
65 oxide 
12 water 


ed 


100 


This salt may be formed by causing a current of carbonic 
acid gas to pass through water having the oxide of cerium sus- 
pended in it. So great indeed is the avidity of this oxide for 
carbonic acid that it absorbs it even from the air.+ 

Sp. 3. Phosphate of cerium. When a mixture of oxide of 
cerium and phosphoric acid is digested in water, a white inso- 
luble powder is obtained, which is phosphate of cerium. The 
same powder is thrown down when the solutions of cerium are 
mixed with phosphate of soda. It is soluble in nitric and mu- 
riatic acids.t 

Sp. 4. Sulphate of cerium. Sulphuric acid dissolves the red. 4. Suiphate. 
oxide of cerium with difficulty. By digesting the oxide in di- 
luted acid for a sufficient length of time, a solution may be ob- 
tained. It is of an orange colour, and yields by evaporation 
small octahedral and needle-form crystals of persulphate of 
cerium. ‘Their colour is partly lemon-yellow, partly orange. 
The salt thus obtained is not soluble in water, except by means 
of an excess of acid. Then its taste is acid andsweet. When 
the crystals are exposed to the air, they soon fall into a yellow 
powder. 5 

Sulphuric acid combines very readily with the white oxide 
of cerium, especially when it is in the state of a carbonate. 
The solution is colourless, has a sweet taste, and readily yields 
crystals of sulphate of cerium. When persulphate of cerium 


* Hisinger and Berzelius, Gehlen’s Jour. 11. 409. Vauquelin, Ann. de 
Chim. liv. 51. 

+ Klaproth, Hisinger and Berzelius, Vauquelin. 

t Klaproth, Hisinger, Berzelius. 
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is treated with muriatic acid, chlorine gas is disengaged; the 
salt loses its colour, and is converted into sulphate of cerium. 
A moderate heat disengages oxygen, and produces the same 
change.* 7 

Sp.5. Sulphateof potash-and-cerium. When supersulphate or 
superpersulphate of cerium is decomposed by potash, a triple 
salt is deposited, white with the first, and yellow with the se- 
cond salt. This triple salt melts when heated. Nitric acid 
dissolves and decomposesit. The same triple salt is deposited 
when muriate of cerium is poured into a solution of sulphate 
of potash.t+ 

Sp. 6. Sulphite of cerium. Sulphurous acid dissolves the 
red oxide of cerium, and the solution yields by evaporation 
crystals of a pale amethyst colour. 

Sp. 7. Seleniate of cerium. The perseleniate is a lemon- 
yellow powder, which allows its acid to escape when heat is 
applied. The biperseleniate is soluble, and yields when eva- 
porated a pale yellow and transparent varnish. 

The protoseleniate is a white powder which dissolves in sele- 
nic acid, and forms a soluble biprotoseleniate.§ 

Sp. 8. Arseniate of cerium. Arsenic acid does not occasion 
a precipitate when dropped into muriate of cerium. When 
digested with oxide of cerium, an insoluble compound is ob- 
tained, which may be rendered soluble by adding an excess of 
acid. ‘The solution does not crystallize; when evaporated, it 
deposites insoluble arseniate, and the residue dries into a gela- 
tinous colourless mass. | 

Sp. 9. Molybdate of cerium. Molybdate of ammonia occa- 
sions no precipitate in the supersalts of cerium; but from the 
neutral solutions it precipitates molybdate of cerium in the 
form of a white salt not soluble in acids.** 

Sp. 10. Acetate of cerium. Acetic acid readily dissolves the 
oxide of cerium, newly precipitated by means of alkalies. The 
solution, when saturated, has a sweet taste, and yields by eva- 
poration small granulated crystals; readily soluble in water, 
but sparingly soluble in alcohol, and not altered by exposure 
to the air.tt 


* Klaproth, Hisinger and Berzelius, Vauquelin. 

+ Hisinger and Berzelius, Gehlen’s Jour. ii. 413. 

} Klaproth, Gehlen’s Jour. ii. 312. 

§ Berzelius; Ann. de Chim. et de Phys. ix. 267. 

|| Hisinger and Berzelius, Gehlen’s Jour. ii. 413. ** Thid. 
+t Ibid. i. 414, 
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Sp. 11. Benxoate of cerium. Benzoic acid occasions No pre- Chap. it. 


cipitate in muriate of cerium; but when it is digested on re- 
cently precipitated oxide of cerium, a solution takes place. On 
cooling, the liquid first lets fall crystals of benzoic acid, then 
the benzoate of cerium falls in the state of a white insoluble 
powder.* 


Sp. 12. Succinate of cerium. When a few drops of succinate 12. Sueci- 
: : . : ° nate. 
of ammonia are poured into muriate or nitrate of cerium, a 


precipitate is formed which soon disappears. When more of 
the re-agent is added, the succinate of cerium is separated in 
the state of a white powder. This salt is not wholly insoluble 
in water, as a small portion still remains in solution. Succi- 
nate of ammonia does not precipitate cerium from the acetate. 
This furnishes us with a ready means of separating iron from 
cerium when they happen to be mixed.f 

Sp. 13. Oxalate of cerium. Oxalic acid and oxalate of am- 
monia precipitate cerium from its solutions. ‘The precipitate, 
with the peroxide, is red; with the protoxide, white. An ex- 
cess of acid does not redissolve it; but ammonia readily effects 
its solution, giving it a yellow colour.{ 


Sp. 14. Tartrate of cerium. When tartaric acid is digested 14. Tar- 


upon recently precipitated oxide of cerium, it forms a salt rea- ; 
dily soluble in water, in consequence of the excess of acid 
which it contains. When the solution is mixed with a great 
quantity of water, white insoluble flakes of tartrate of cerium 
are precipitated. ‘Tartaric acid occasions no precipitate in the 
sulphate, nitrate, or muriate of cerium ; but tartrate of potash 
throws down the tartrate of cerium in the state of a white pow- 
der. It is soft, light, tasteless, and insoluble in water. It is 
soluble in nitric, muriatic, and sulphuric acids, and in pure 
alkalies.§ 

Sp. 15. Citrate of cerium. Muriate of cerium is not preci- 
pitated by citric acid. By digesting the acid on recently pre- 
cipitated oxide, an insoluble compound is formed, which is 
rendered soluble by an excess of acid. The solution does not 
crystallize. Alcohol deprives it of its water and of part of its 
acid, but does not dissolve it. || 


* Hisinger and Berzelius, Gehlen’s Jour. 11. 4158. 

+ Ibid. ii. 414. t Ibid. 1. 413. 
§ Hisinger and Berzelius, Vauquelin. 

|| Hisinger and Berzelius, Gehlen’s Jour. 11. 113. 
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SECT. XXII. 
SALTS OF URANIUM. 


Tuis genus of salts has been hitherto examined only by Klap- | 


~~ roth, Richter, and Bucholz.* ’This last chemist has published 


Characters. 


1. Nitrate. 


a very particular description of the sulphate and nitrate of 
uranium. 

The salts of uranium may be distinguished by the following 
properties : 

1. The greater number of them are soluble in water, and 
the solution has a yellow colour. 

2. The pure alkalies occasion in these solutions a yellow pre- 
cipitate; the alkaline carbonates a white precipitate, soluble in 
an excess of alkali. 

3. Ferrochyazate of potash occasions a brownish-red preci- 
pitate, which does not assume the form of flakes like the fer- 
rochyazate of copper. 

4. Hydrosulphuret of potash occasions a brownish-yellow 
precipitate. 

5. The infusion of nut-galls occasions a chocolate-coloured 
precipitate. 

6. No precipitate is occasioned by zinc, iron, or tin. 

Sp. 1. Nitrate of wramum. Nitric acid readily dissolves 
uranium with the emission of nitrous gas. The solution has 
a yellowish colour.t The oxide of uranium is dissolved by 
this acid with still greater facility. From the trials of Bucholzt 
it follows, that the acid unites with the oxide in two propor- 
tions, forming a nitrate and subnitrate of uranium. 

1. Nitrate. This salt is best formed, as Klaproth showed, 
by dissolving the oxide of uranium in nitric acid, and bringing 
the solution to crystallization. The best method of obtaining 
regular crystals is to expose the solution to a very moderate 
heat. When a saturated hot solution is cooled quickly, crys- 
tals likewise are obtained, but not so regular. The crystal- 
lization succeeds best when there is a slight excess of acid.§ 
The colour of the crystals varies somewhat according to the 
method of crystallizing. When the solution is fully saturated 


* Klaproth, Crell’s Annals, i. 130. Eng. Trans. Richter’s Neuern Gegen- 
stande. Gren’s Handbuck, iil. 741. 

+ Bucholz, Gehlen’s Jour. iv. 36. t Ibid. p. 158. 

§ Ibid. p. 145. 
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with oxide, the crystals are of a lemon-yellow, and greenish at Chap. 11. 


the edges; but when there is an excess of acid present, they . 


have all a greenish colour. The crystals have the form of ta- 
bles, often hexagonal; but by cautious management, they may 
be obtained in large four-sided rectangular flat prisms.* 


They are extremely soluble in water ; 93 parts of that liquid Properties. 


at the common temperature being capable of dissolving 200 
parts of nitrate of uranium. Boiling water dissolves any quan- 
tity ; the water of crystallization being sufficient at that tem- 
perature to keep the salt in solution. ‘They are still more so- 
luble in pure alcohol; one part of that liquid dissolving 35d 
parts of the nitrate. The solution has a yellow colour, and is 
of the consistence of a syrup. Boiling alcohol dissolves any 
quantity, but a portion of the salt precipitates again as the so- 
lution cools. By evaporation the solution yields regular crys- 
tals of nitrate of uranium. If it be kept for a long time in 
the temperature of about 112°, the salt is partly decomposed, 
a yellow powder precipitating ; a portion of which is oxide of 
uranium, and a portion of the same oxide united probably to 
a vegetable acid. When four parts of nitrate of uranium and 
one part of alcohol are distilled in a very moderate heat, the 
first portion which comes over has the smell of nitric ether ; 
the second contains a portion of acetic acid.t 

Sulphuric ether dissolves about one-fourth of its weight of 
this salt; the solution is lemon-yellow; but when exposed to 
the sun’s rays, it becomes in a few minutes green, and in some 
hours a watery portion subsides, of a green colour, containing 
uranium. The ether acquires the smell of nitric ether, and a 
quantity of black oxide of uranium precipitates. { 

When nitrate of uranium is exposed to the air at the tem- 
perature of about 100°, it very soon falls into a white powder; 
but in cold and damp air it very soon deliquesces into a liquid.§ 

When heated, it undergoes the watery fusion; the water 
which it contains is gradually dissipated, carrying along with 
it a portion of the acid. If the heat be increased, nitrous gas 
makes its escape, and at last a portion of oxygen gas Is disen- 
gaged. By this process, not only the whole of the acid and 
water is dissipated, but the metal loses also a considerable 
portion of its oxygen. || 


* Bucholz, Gehlen’s Jour. iv. 146. + Thids po aoe. 
{ Ibid. p. 156. § Ibid. p. 150. 
jj Ibid. p. 149. 
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61 oxide 


25 acid 
14 water 


Caer erence 


100* | 


2. Subnitrate. When nitrate of uranium is heated till its 
colour becomes orange-yellow, it does not dissolve completely 
in water, leaving behind a lemon-yellow powder. A portion 
of the same powder likewise precipitates from the solution 
before it can be brought to crystallize. ‘This powder is inso- 
luble in water, and has been shown by Bucholz to be a sub- 
nitrate of uranium.+ 

Sp. 2. Sulphate of uranium. Sulphuric acid, whether con- 
centrated or diluted, has but little effect upon uranium in the 
metallic state.t By boiling the oxide obtained from nitrate of 
uranium by means of heat, with a sufficient quantity of diluted 
sulphuric acid, and setting the solution aside in a warm place, 
Mr. Bucholz obtained needle-form crystals of sulphate of 
uranium. As these crystals contained an excess of acid, 
though a portion of the oxide remained undissolved, Bucholz 
re-dissolved them in water, added a little nitric acid, and 
boiled them to dryness over a new portion of oxide of ura- 
nium. ‘The mass was dissolved again in water, filtered, and 
set aside. After some months very small prismatic crystals 
separated; and by continuing the evaporation some crystals 
were obtained in the shape of tables. 

The colour of these crystals is lemon-yellow. They dissolve 
in 3ths of their weight of cold water, anc in .2,ths of their 
weight of that liquid when boiling hot. Ae laren has the 
consistency of a syrup, and gradually yields regular crystals 
when subjected to spontaneous evaporation. Pure alcohol at 
the common temperature of the air dissolves ;'th part, and 


boiling alcohol .,th part of its weight of them. When the 


solution was exposed to the sun, its colour, at first light yellow, 
became green, and the whole of the oxide gradually precipita- 
ted, carrying along with it a portion of sulphuric acid. At 
the same time the smell of ether became perceptible in the 


liquid. 


* Bucholz, Gehlen’s Jour. iv. 148. + Ibid. p. 158. 
{ Ibid. p. 36. 
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When crystallized sulphate of uranium js exposed to a red Chap. Tl. 
heat, it loses 14 per cent. of its weight; but in a white heat it 
loses the whole of its acid and water. The residue, which 
weighs <¢.ths of the original salt, is a greyish-black powder, 
consisting of pure oxide of uranium. 

This salt, according to the experiments of Bucholz, to whom 
we are indebted for the whole of the facts above enumerated, 
is composed of 

18 acid 
70 oxide 
12 water 


100* 


Sp. 3. Seleniate of uranium. The neutral salt is a lemon- 
yellow powder, which when heated allows its acid with a por- 
tion of oxygen to escape, and leaves a green-coloured oxide. 
The biseleniate is formed by dissolving the preceding salt in 
selenic acid. When evaporated it leaves a pale yellow trans- 
parent varnish. When quite dry it is white, opaque, and crys- 
talline.+ 


Remaining Species. 


4. Phosphoric acid forms with oxide of uranium yellowish- phosphate. 
white flakes, scarcely soluble in water. ‘The salt may be pre- 
cipitated by adding phosphoric acid to the acetate of uranium. 

5. When an alkaline arseniate is dropped into nitrate of arseniate. 
uranium, the arseniate of uranium precipitates in the state of 
a yellowish-white powder. 

6 and 7. The tungstate and molybdate of uranium may be 
obtained by a similar process. The first is a brownish-white 
powder, insoluble in water: the second is whitish-yellow, and 
difficultly soluble. 

8. Concentrated acetic acid dissolves oxide of uranium by acetate. 
digestion, and yields beautiful yellow crystals in the form of 
long, slender, transparent, four-sided prisms terminated by 
four-sided pyramids. When heated gradually, the acid is de- 
composed and driven off, but the remaining oxide still retains 
the form of the crystals.§ 


* Gehilen’s Jour. iv. 134. 
+ Berzelius, Ann. de Chim. et de Phys. ix. 266. 
+ Klaproth, Crell’s Annals, 1,133, Engl. Trans. 
§ Ibid. 
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9. Tartaric acid forms with the oxide of uranium a salt 


~~ scarcely soluble in water. 


Tartrate. 


Characters, 


1, Nitrate. 


Richter formed also the borate, oxalate, citrate, malate, 
benzoate, and succinate of uranium; but the properties of 
these salts have not been described. 


SECT. XXIII. 
SALTS OF ZINC. 


Aumost all the acids act with energy on zinc, in conse- 
quence of the strong affinity which it has for oxygen. ‘The 
salts of zinc, Sherer. are very easily formed; and as the 
metal forms only one oxide they are not liable to change their 
state, like the salts of iron and tin. They may be distinguished 
by the following properties: 

1. The greater number of them are soluble in water, and 
the solution is colourless and transparent. 

2. Ferrochyazate of potash occasions a white gelatinous 
precipitate when dropped into these solutions. 

3. Hydrosulphuret of potash and sulphuretted hydrogen 
gas occasion a white precipitate. 

4. Gallic acid and the infusion of nutgalls occasion no pre- 
cipitate when dropped into these solutions. 

5. Alkalies occasion a white precipitate, which is readily 
dissolved by sulphuric or muriatic acid. 

6. Zinc is not precipitated in the metallic form by any of 
the other metals. 

7. Sulphochyazate of potash and hydriodate of potash oc- 
casion white precipitates when dropped into a solution of a 
salt of zinc. 

Sp. 1. Nitrate of zinc. Nitric acid attacks zinc with prodi- 
gious violence, and has been said even to inflame it. It is 
necessary to moderate its action by using it in a diluted state: 
even then considerable heat is evolved, and a strong efferves- 
cence is occasioned by the escape of nitrous oxide gas. 

The solution is transparent and colourless, very caustic, and 
yields by evaporation flat striated tetrahedral prisms, termi- 
nated by four-sided pyramids. The specific gravity of these 
crystals 1s 2°096.* ‘They attract moisture when exposed to 
the air. They are soluble both in water and alcohol. When 


* Hassenfratz, Ann. de Chim. xxviit. 12. 
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heated they melt and detonate on burning coals, emitting a Chap. u. 
red flame. When distilled, they emit red vapours of nitrous terre 
acid, and assume a gelatinous form. In a strong heat they 
are decomposed completely, giving out nitrous gas and oxy- 
gen gas. 

Sp. 2. Carbonate of zinc. Liquid carbonic acid, confined in 2. Carbon- 
a vessel with zinc, or its oxide reduced to the state of a fine “” 
powder, dissolves a considerable portion of it; and the solu- 
tion, when exposed to the air, is gradually covered with an 
iridescent pellicle of oxide of zinc.* The carbonate of zinc 
may be obtained in the state of a white powder, by precipita- 
ting zinc from its solution in acids by means of an alkaline 
carbonate. | 

Bergman first ascertained by analysis that this salt occurs 
native under the name of calamine; but his inferences were 
disputed by mineralogists, and considered by most as errone- 
ous. Yet they have been fully confirmed by the precise ana- 
lysis of Mr. Smithson, who has demonstrated that different 
substances have been confounded under the name of calamine, 
and among others the carbonate of zinc. 

According to the analysis of Bergman, native carbonate of 
zinc is composed of 

28 acid 
66 oxide 
6 water 


100+ 


From the analysis of Mr. Smithson, it follows that arid car- 
bonate is composed of 


Compost- 
tion, 


1 acid 
2 oxide 


3 

When water is present, the proportion of the other consti- 
tuents still continues the same. Mr. Smithson has shown, 
that the water in that case is combined with the oxide of zinc, 
constituting a hydrate, which is composed of 


3 oxide 
1 water 
4§ 
* Bergman, 1. 35. + Opuse. ii. 36. 
{ Phil. Trans. 1803, p. 23. § Phil. Trans. 18083, p. 23. 
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The anhydrous carbonate of zinc is composed of 
y 


Carbonic acid ...... 34°92-.... 1 atom 
Oxide of zinc ...... 65°08 «... Jatom 


100°00 


The constituents of the hydrous carbonate are 1 atom acid, 
1 atom oxide, and 1 atom water, or by weight 


Carbonic acid ....0+e.... 30°55 
Oxide Of Zine <3..4000.. 00° O% 
Water). doiees ranean Aol 


100°00 


Sp. 3. Borate of zinc. Boracic acid scarcely attacks zinc; 
but it combines with its oxide, and forms with it an insoluble 
borate of xinc. This salt may be precipitated in a white pow- 
der, by pouring borate of soda into the nitrate or muriate of 
zinc; or by mixing boracic acid with liquid sulphate of zinc. 
When strongly heated, this borate becomes yellow, and is at 
last conyerted into an opaque slag.* 

Sp. 4. Silicate of zinc. This salt occurs native along with 
the ore of lead, and is known by the name of electric calamine. 
It is often crystallized in small six-sided prisms and acute oc- 
tahedrons. Its colour is white with a shade of grey, blue, or 
yellow. Its fracture is foliated, it is somewhat transparent, 
and has a specific gravity of 3:4. Ifit be a compound of 1 
atom silica, and 1 atom oxide of zinc, its constituents must be 


Sea ee ee ee 28°08 
Oxide of zine <4 00 «6% 71°92 
100°00 


Now the mean of the analyses of Klaproth and John gives 
us 


SLUG es Gus @ che ees AEA a aes 
OXIGEL is os ae bk a oe 70°3 
100°0 


Numbers which come sufficiently near to show us that the 
composition which we have supposed is the true one. 
Sp. 5. Phosphate of xinc. Phosphoric acid dissolves zinc 


* Wenzel’s Verwandtschaft, p. 251. 


SALTS OF ZINC. 595 


with effervescence, but ceases to act when the quantity of zinc Chap. u. 
dissolved is sufficient to convert the acid into a biphosphate 
composed of two atoms acid, and 1 atom oxide of zinc. This 
solution does not crystallize, and when evaporated to dryness 

may be again re-dissolved in water, unless the heat has been 
sufficient to drive off the whole of the water, and fuse the salt 

into a glass, in which case it becomes insoluble. ‘The taste of 

this biphosphate is acid and astringent, and it reddens vege- 

table blues. 

When carbonate of zinc is introduced into phosphoric acid = - 
it is dissolved with effervescence, and a biphosphate of zinc 
formed as when the metal is employed. But if we boil the 
liquid over carbonate of zinc, after it refuses to take up any 
more in the cold, the whole is gradually converted into a tough 
magma which becomes very hard when cold. It softens when 
heated, and, if we urge the fire, abundance of nitrous gas is 
given out. ‘The substance thus obtained is a phosphate of 
zinc. It is a tasteless white matter, insoluble in water. Before . 
the blowpipe it readily melts into a transparent colourless 
glass. Phosphate of zinc is composed of 


Phosphoric acid 2... .. eee 0 LOO 
Oeiie- OF ZINC os ka se ce aS 


The biphosphate contains twice as much acid united to the 
same weight of base. 

Sp. 6. Sulphate of ximc. Concentrated sulphuric acid ¢, su. 
scarcely acts upon zinc without the assistance of heat; but if Phat 
it be sufficiently diluted with water, it attracts the metal with 
force; hydrogen gas is emitted, and the zinc is very speedily 
dissolved. In this case the water is decomposed; its oxygen 
combines with the metal, while its hydrogen is exhaled. When 
the solution is sufficiently concentrated by evaporation, it 
yields the sulphate of zinc in crystals. 

This salt, according to the best accounts, was discovered at History. 
Ramelsberg, in Germany, about the middle of the 16th cen- 
tury. Many ascribe the invention to Julius Duke of Bruns- . 
wick. Henkel and Neumann were the first chemists who 
proved that it contained zinc; and Brandt first ascertained its 
composition completely.* It is generally formed for commer- 
cial purposes from sulphuretted zinc, or blende, as it is called 
by mineralogists. This ore is roasted, which converts the 


* Beckman’s [listory of Inventions, art, Zine. 
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sulphur into an acid; it is then dissolved in water, and con- 
centrated so much that, on cooling, it crystallizes very rapidly 
and forms a mass not unlike loaf-sugar. This salt is usually 
called white vitriol. It is almost always contaminated with 
iron, and often with copper and lead. Hence the yellow spots 
which are visible on it, and hence also the reason that its 
solution in water lets fall a dirty brown sediment; a circum- 
stance very much complained of by surgeons when they use 
that solution in medicine. It may be easily purified by dis- 
solving it in water, and putting into the solution a quantity of 
zinc filings; taking care to agitate it occasionally. ‘The zinc 
precipitates the foreign metals, and takes their place. The 
solution is then to be filtered, and the sulphate of zinc may be 
obtained from it in crystals by proper evaporation. 

Its crystals are four-sided rectangular prisms, terminated 
by quadrangular pyramids, the faces of which make angles of 
135° with the angles of the prism. Two opposite edges of the 
prism are commonly replaced by small faces, which renders 
the prisms six-sided.* Its specific gravity when crystallized is, 
by experiments, 1°980; when in the state in which it com- 
monly occurs in commerce, it is 1:3275.+ At the tempera- 
ture of 60°, water dissolves 1°4 times its weight of it. Boil- 
ing water dissolves any quantity whatever. When heated, it 
melts and speedily loses its water of crystallization, and, in a 
high temperature, loses most part of its acid. The constitu- 
ents of this salt are, 


1 atom sulphuric acid ..... = B1574 
i atom Oxide of Zinc 33.5 J. = 32°54 
5 GLOMaS, Water... bos<.cs sca ee ma eye [4 

100:00 


This very nearly agrees with the analysis of Berzelius, who 
found the constituents of this salt 


PCG bins ch. ee. See 30°965 

Gir s &, cok cxtelaratas aoe 32°585 

Wyaten nt 2454. Aneta 36'450 
100:000% 


* Bergman, 11. 327. 

+ Hassenfratz, Ann. de Chim. xxviil. 12. According to Dr. Watson, 
1:933, (Essays, v. 67.) 

} Ann. de Chim. Ixxx 120. 
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When this salt is strongly heated it loses the whole of its 
acid and water, and the oxide of zinc remains behind in a 
state of purity. Probably pure sulphuric acid might be easily 
obtained by distilling this salt. For it parts with the whole 
_of its water before the acid begins to separate. 

Sp. 7. Sulphite of xinc. Sulphurous acid dissolves the oxide 
of zinc with the evolution of heat, but without effervescence. 
The solution yields crystals of sulphite of zinc. ‘These crys- 
tals have a less acrid, but more styptic taste than the following 
species. They are less soluble in water, and more easily crys- 
tallized. They are insoluble in alcohol. When exposed to 
the air, they are very soon changed into sulphate of zinc; 
whereas the sulphuretted sulphite remains long unchanged. 

Sp. 8. Hyposulphite of xinc. Sulphurous acid attacks zinc 
with considerable violence, heat is produced, and sulphuretted 
hydrogen gas is exhaled. The solution has an acrid, astrin- 
gent, sulphureous taste. When exposed to the air, it becomes 
thick like honey, and deposits long slender crystals in the form 
of four-sided prisms, terminated by four-sided pyramids. 
These are crystals of hyposulphite of xinc, as Fourcroy and 
Vauquelin have proved. They are soluble in water and in 
alcohol. When exposed to the air they become white, and 
deposit a white insoluble powder. Before the blowpipe the 
salt swells, emits a brilliant light, and forms dendritical rami- 
fications. When distilled, it yields water, sulphurous acid, 
sulphuric acid, and sulphur; and there remain behind oxide 
of zinc and a little sulphate of that metal. Sulphuric, nitric, 
and muriatic acids, when poured into its solution in water, 
drive off the sulphurous acid, while a quantity of sulphur pre- 
cipitates. The theory of the formation of this salt is obvious. 
During the solution of the zinc, both water and sulphurous 
acid are decomposed. Hence the reason of the sulphuretted 
hydrogen gas exhaled. But the greatest portion of the acid 
gives out half its oxygen to oxydize the zinc. It is thus 
changed into hyposulphurous acid, which unites with the 
oxide of zinc formed. 

When a mixture of sulphur and white oxide of zinc is treated 
with sulphurous acid, the product is a hyposulphite.* 

Sp. 9. Seleniate of zinc. The neutral salt is a crystalline 
powder insoluble in water. When heated it gives out its 
water of combination. It then melts and becomes yellow and 


* Fourcroy, v. 380. 
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transparent. But on cooling it resumes its white colour. Its 
surface and fracture are crystalline. Ata white heat it lets a 
portion of its acid escape, and is converted into a subseleniate 
which undergoes no farther alteration from the fire. 

The biseleniate is very soluble in water; when evaporated, 
it leaves a transparent matter like gum.* 

Sp. 10. drseniate of xinc. When arsenic acid is poured 
upon zinc, an effervescence ensues, arsenical hydrogen gas is 
emitted, and a black powder precipitates, which is arsenic in 
the metallic state. Hence we sce that the zinc deprives both 
a portion cf water and of arsenic acid of their oxygen. When 
one part of zinc filings and two parts of dry arsenic acid 
are distilled in a retort, a violent detonation takes place when 
the retort becomes red, occasioned by the sudden absorption 
of the oxygen of the acid by the zinc. The arseniate of zinc 
may be precipitated by pouring arsenic acid into the acetate 
of zinc, or by mixing the solution of the alkaline arseniates 
with the sulphate of zinc. It is a white powder, insoluble in 
water.} 

Sp. 11. Antimoniate of xinc. This salt is obtained when an- 
timoniate of potash is dropped into a solution of sulphate of 
zinc. It is a white powder having a crystalline appearance 
when dried. It is soluble to a certain degree in water. When 
heated it gives out its water of crystallization and becomes 
yellow. It is not reduced by the blowpipe upon charcoal.t 

Sp. 12, 13, 14. By the same process may the tungstate, 
molybdate, and chromate of zinc be obtained. They also are 
insoluble in water: the two first are white, the last of an orange- 
red colour. 

Sp. 15. Acetate of xinc. Acetic acid readily dissolves zinc, 
and yields by evaporation crystals of acetate of zinc, which 
were first mentioned by Glauber. This salt has a bitter me- 
tallic taste. Its crystals are rhomboidal or hexagonal plates, 
ofa talky appearance. It is not altered by exposure to the 
air; it is very soluble in water. When thrown upon live 
coals, it burns with a blue flame. When distilled, it yields 
water, an inflammable liquid, and some oil, and towards the 
end of the process oxide of zinc sublimes.§ 


* Berzelius, Ann. de Chim. et de Phys. ix. 265, 
t Scheele, i. 181. 

} Berzelius, Nicholson’s Journal, xxxy. 42. 

§ Monnet. 
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This salt has been lately recommended by Dr. Henry as an Chap. 1 
excellent application in cases of inflammation. ingabii 
Sp. 16. Succinate of xinc. Succinic acid dissolves zinc with 
effervescence; and the solution yields long slender foliated 
crystals, the properties of which have not been examined.* 
Sp. 17. Benxoate of xine. Zinc is readily dissolved by ben- 
zoic acid. ‘The solution yields needle-shaped crystals, which 
are soluble in water and alcohol. When exposed to heat, 
their acid is volatilized.t 
Sp. 18. Oxalate of xine. Oxalic acid attacks zinc with a 18. Oxalate. 
violent effervescence, and a white powder soon subsides, which 
is oxalate of zinc. The same salt is precipitated when oxalic 
acid is dropped into the solution of sulphate, nitrate, or mu- 
riate of zinc. It contains 75 per cent. of metal. This salt is 
scarcely soluble in water, unless there be an excess of acid. 
Sp. 19. Tartrate of xine. Tartaric acid attacks zinc with 
effervescence, and forms with it a salt difficultly soluble in 
water, the properties of which have not been examined.§ 
Sp. 20. Citrate of xine. Citric acid attacks zine with effer- 20. Citrate. 
vescence, and gradually deposits small brilliant crystals of ci- 
trate of zinc. They are insoluble in water, and have a styptic 
and metallic taste. They are composed of 


59 acid 
41 oxide 


ae 


100 


Sp. 21. Malate of xine. Malic acid dissolves zinc, and yields 21. matate. 
by evaporation beautiful crystals of malate of zinc. || 

Sp. 22. Lactate of zinc. Lactic acid dissolves zinc with 
effervescence, and the salt formed is capable of crystallizing.** 
The crystals have the figure of four-sided prisms, terminated 
by oblique summits. At the temperature of 70° they dissolve 
in 50 times their weight of water, and they are more soluble 
in boiling water.}+ , ; 

Sp. 23. Tartrate of potash-and-xinc. This salt may be 
formed by boiling together tartar and zinc filings and wate:. 
It is very soluble in water, and not easily crystallized. No 


% Wenzel’s Verwandtschaft, p. 240. 

+ Trommsdorf, Ann. de Chim, a1) 317 . { Bergman, 1. 271. 
§ Dijon Academicians. 

|| Scheele, Crell’s Annals, i. 10. Eng. Trans. ** Scheele, u. 65. 
4+ Braconnot, Ann. de Chim. Ixxxvi. 91. 
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precipitation is produced in its solution by the alkalies or their 
carbonates.* 

Sp. 24. Sulphate of xinc-and-iron. This salt may be obtained 
by mixing together the solutions of sulphate of iron and of 
zinc, or by dissolving iron and zinc, together in diluted sul- 
phuric acid. It crystallizes in rhomboids which have nearly 
the figure of sulphate of zinc, but its colour is a pale green. Its 
taste and solubility are nearly the same as those of sulphate of 
zinc. It contains a much greater proportion of zinc than iron. 

Sp. 25. Sulphate of xinc-and-cobalt. This salt, first pointed 
out by Link, may be obtained by digesting zafre in sulphate 
of zinc. Large four-sided prisms are obtained by evaporation, 
which effloresce when exposed to the air. 

The only one of the salts of zinc, much employed in the 
arts, is the sulphate. ‘The acetate is sometimes used as an 
external application in cases of inflammation. ‘The composi- 
tion of the salts of zinc is easily determined by considering 
them as compounds of 1 atom oxide of zinc, and 1 atom of 
each of the acids. An atom of oxide of zinc weighs 5°125, 
and the weight of an atom of each of the acids has been given 
in a preceding chapter of this volume. 


SECT. XXIV. 
SALTS OF CADMIUM. 


Tis genus of salts, as far as it has been hitherto examined, 
may be distinguished by the following characters. 

1. A considerable number of them are soluble in water. 
The aqueous solutions are colourless, or have a very slight yel- 
low shade. The insoluble salts of cadmium are white powders. 

2. When a fixed alkali is dropped into a solution of cad- 
mium, the oxide is precipitated in the state of a white hydrate, 
and is not again redissolved by adding an excess of the preci- 
pitant. 

3. Ammonia likewise precipitates it in the state of a white 
hydrate. ‘The precipitate is again redissolved, when an excess 
of ammonia is added. 

4. ‘The alkaline carbonates throw down cadmium in the 
state of a white carbonate. This carbonate does not form a 


* Dijon Academicians; and Thenard, Ann. de Chim. xxxviii. 35. 
+ Crell’s Annals, 1796. i. 32. 
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hydrate, as is the case with the carbonate of zinc. Neither is 
it redissolved by the addition of an excess of carbonate of am- 
monia, as is the case with the carbonate of zinc, unless there 
existed a notable excess of acid in the solution before the ad- 
dition of the carbonate of ammonia. 

5. Phosphate of soda throws down cadmium in the state of 
a white powder; while zinc is thrown down by the same pre- 
cipitant in the state of crystalline scales. 

6. Sulphuretted hydrogen gas, and the hydrosulphurets 
precipitate cadmium yellow or orange. ‘This precipitate re- 
sembles orpiment; but may be distinguished by the facility 
with which it dissolves in muriatic acid, and by its bearing a 
red heat without being altered. 

7. Ferrochyazate of potash throws down cadmium from its 
solutions white. 

8. Infusion of nutgalls does not occasion any precipitate. 

9. A plate of zinc, when put into a solution of cadmium, 
throws down that metal in a reguline state in dendritical leaves. 

Sp. 1. Netraie of cadmium. This salt crystallizes in prisms 
or needles, adhering together, and constituting a radiated 
mass. When exposed to the air it speedily deliquesces into a 
liquid. Its composition, according to the analysis of Stro- 
meyer, is as follows: 


Nitric. @cId) go-cc 2 35°7838 .... $5°064 

Oxide of cadmium . 42°1526 .... 41°558 

NIARGE este nolo wists as 2206360 ..... 23°378 
100:0000 100°000* 


Sp. 2. Carbonate of cadmium. It is a white powder, insolu- 
ble in water, and when heated to redness is very easily de- 
prived of its carbonic acid. Its constituents, according to 
Stromeyer, are 


Carbonic d€id ....<:... Q5°453 
Oxide of cadmium ..... Th 5A 
100°000 


Sp. 3. Borate of cadmium. This salt is a white powder 
scarcely soluble in water, and after having been exposed to a 
red heat its constituents, according to Stromeyer, are 


* Theoretical composition, supposing the salt to consist of 1 atom acid + 
1 atom oxide + 4 atoms water. 
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Boracic acid ..... ie, BT BRAT. 
Oxide of cadmium .... 72°1153 


100°0000 


Sp. 4. Phosphate of cadmium. This salt is a white powder, 
insoluble in water, and when exposed to an incipient white, 
heat fuses into a transparent glass. According to Stromeyer, 
its constituents are 


Phosphoric acid ...... 30°7162 
Oxide of cadmium .... 69°2838 


100°0000 


Sp. 5. Sulphate of cadmium. This salt crystallizes in large 
transparent rectangular prisms, very similar in appearance to 
sulphate of zinc, and very soluble in water. It effloresces 
strongly when exposed to the air, and is deprived of its water 
of crystallization by the application of a low heat, without 
undergoing previous liquefaction, as is the case with sulphate 
of zinc. It is not easily decomposed by the fire, and bears a 
low red heat without undergoing any change. In a strong red 
heat sulphuric acid is given out, and it is changed into a sub- 
sulphate which crystallizes in plates, and is difficultly soluble 
in water. ‘The constituents of sulphate of cadmium, accord- 
ing to Stromeyer’s analysis, are 

Sulphuric acid ....... 28°5230 


m Oxide of cadmium .... 45°9564: 
AV ater’ ceacn. iis & ohe «a. CO COG 


100°0000 


Sp. 6. Acetate of cadmium. It crystallizes in small prisms, 
usually adhering to each other in the form of a star. These — 
crystals are little altered by exposure to the air, and are easily 
soluble in water. 

Sp. 7. Oxalate of cadmium is a white powder which does 
not dissolve in water. 

Sp. 8. Tartrate of cadmium crystallizes in small needles, ad- 
hering to each other, and scarcely soluble in water. 

Sp. 9. Citrate of cadmium forms a white crystalline powder, 
which is scarcely taken up by water.* 


* All the facts contained in this section were ascertained by Stromeyer. 
See Gilbert’s Annalen, Ix. 193. 
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TuE salts of lead were formerly distinguished by the name 
of saturn, the title by which lead was known among the alchy- 
mists. The protoxide only of this metal seems capable of 
combining with acids so as to form salts. These bodies may 
be distinguished by the following properties : 

1. A considerable number of them are scarcely soluble in 
water without an excess of acid. These before the blow-pipe 
yield very readily a button of lead. 

2. The solution of the soluble salts of lead in water is ge- 
nerally colourless and transparent. 

3. They have almost all less or more of a sweet taste, ac- 
companied with a certain degree of astringency. 

4. Ferrochyazate of potash occasions a white precipitate 
when poured into solutions containing salts of lead. 

5. Hydrosulphuret of potash occasions a black precipitate. 
The same precipitate is produced by sulphuretted hydrogen. 

6. Gallic acid and the infusion of nut-galls occasion a white 
precipitate. 

7. A plate of zinc kept in a solution of lead occasions either 
a white precipitate, or the lead appears in its metallic state. 

Sp. 1. Nitrate of lead. Nitric acid acts upon lead with con- 
siderable energy, provided it be not too much concentrated ; 
first converting it into a white powder, which is a subnitrate, 
and then dissolving it, especially when assisted by heat. ‘The 
yellow oxide of lead is dissolved by nitric acid completely, and 
without effervescence; but the red oxide is rendered white; 
Sths of its weight are dissolved, and 1th is converted into brown 
oxide, and remains undissolved.* Hence we see that it is the 
yellow oxide of lead only which combines with nitric acid. 
Six-sevenths of the red oxide are decomposed ; the excess of 
oxygen combines with the remaining seventh, and converts it 
into brown oxide, while the base or yellow oxide combines 
with the acid. Thus we see that nitric acid does not combine 
with the red or brown oxide of lead, but it combines with the 
protoxide or yellow oxide, and forms with it two salts, which 
we shall distinguish, as usual, by the names of nitrate and sub- 
nitrate of lead. 


-* Protst. 
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1. Nitrate of lead. ‘This salt is always formed when lead is 


Di isi ie = . e ° . 
ot dissolved in nitric acid, unless there be present an excess of 


Composi- 
tion. 


lead, and a strong heat be applied. It is formed also by dis- 
solving the carbonate or white lead in nitric acid. The solu- 
tion is transparent and colourless, and when sufficiently con- 
centrated by evaporation, crystallizes on cooling. ‘The crys- 
tals are usually tetrahedrons, having their apex truncated, and 
sometimes six-sided pyramids, according to Rouelle. ‘They 
are opaque and white, and have a silvery lustre. Their taste 
is sweetish and harsh. They are not altered by exposure to 
the air. They are soluble in 7°6 parts of boiling water.* 
Their specific gravity is 4-068. When heated, they decre- 
pitate, and then undergo a kind of detonation, emitting very 
brilliant sparks.t When they are triturated with sulphur in 
a hot mortar, a feeble detonation is produced, and the lead is 
reduced to the metallic state.§ 

The constituents of this salt, according to the best analyses 
hitherto made, are as follows: 


| Be ta Mindablt 
Acid.... 32°7775 .. 33 .. 34 .. 39°53 
Base.... 67-2295 ..67 ..66 .. 67°47 


100°0000 100 100 10000 


The oxide of lead is thrown down by alkalies in the state of 
a yellow powder. Sulphuric, sulphurous, and muriatic acids 
combine with the oxide, and precipitate it in the state of a 
white powder. Iron occasions no precipitate though kept in 
the solution of nitrate of lead.§§ 

2. Subnitrate. This salt was obtained by Chevreul by boil- 
ing a mixture of equal weights of nitrate of lead and protox- 
ide of lead, filtrating the liquid while hot, and allowing it to 
crystallize in close vessels. On cooling it deposited crystals in 
pearl-coloured scales. The taste of this salt is sweet and as- 
tringent. When a current of carbonie acid gas is passed 


* Wenzel’s Verwandtschaft, p- 310. 

+ Hassenfratz, Ann. de Chim. xxviii. 12. By my trials 3-954. 
} Bergman, ii. 470. 

§ Van Mons, Ann. de Chim. xxvii. 81. 

|| Berzelius, Gilbert’s Annalen, xl. 166. 

** Chevreul, Ann. de Chim. lxxxiii. 69. 

++ By my analysis. 1} Theoretical composition. 
$§ Wenzel’s Verwandtschaft, p. 90, 
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through its solution, it is converted into common nitrate and Chap. tt. 


carbonate of lead. Berzelius obtained this salt by precipitating 
nitrate of lead by means of a quantity of ammonia, not suffi- 
cient to saturate the whole of the nitric acid. The precipitate 
thus obtained was well washed and dried.* ‘There can be no 
doubt from the analyses of Berzelius and Chevreul, that this 
salt contains just double the quantity of base that exists in the 
nitrate. The nitrate is composed of 


PRGHERES ets Mae Oe e 100 
TS Oeste aa ee eae . 207°4 
The constituents of the subnitrate are 
Berzelius. Chevreui. 
Aureos dylae bias Poe Ot EO a 0 hc aig 25 co 6h) aot 8 100 
rite wi J dia ok Ab 2KS st shencindsie 2 4.03 


Sp. 2. Nitrite of lead. ‘This salt was discovered by Proust; 2. Nitrate. 


but its true composition was first ascertained by Berzelius+ and 

Chevreul.t Wenzel had indeed obtained it, but at the time 
when his experiments were made it was impossible to draw the 
proper inference.§ It would appear from the experiments of 
Berzelius and Chevreul, that there are three subspecies of this 
salt, the nitrite, subnitrite, and quadrosubnitrite. ‘The first com- 
posed of 1 atom acid + 1 atom base, the second of 1 atom 
acid + 2 atoms base, and the third of 1 atom acid +4 atoms 
base. 

_(1.) Subnitrite. When a solution of nitrate of lead is boiled 
upon lead in the metallic state, the lead is gradually dissolved 
being oxydized at the expense of the acid, which partly flies 
off in the state of nitrous gas, and is partly converted into ni- 
trous acid. If the requisite portion of lead only is dissolved, 
which, according to the experiments of Berzelius, amounts to 
7°8 parts of lead for every 10 parts of nitrate of lead employed, 
the solution has a yellow colour and deposites subnitrite of lead 
in scales. But if a greater quantity of lead has been dissolved 
quadrosubnitrite is likewise formed, and almost the whole is 
converted into this salt when as much lead as possible is dis- 
solved by boiling a solution of nitrate of lead on it. According 
to Chevreul the best way of obtaining subnitrite is to cause a 
current of carbonic acid gas to pass through a solution of qua- 
drosubnitrite. One half of the oxide of lead is thrown down 


* Ann. de Chim. Ixxxil. 242. + Ibid. Ixxxin. 5, 
{ Ibid. 67. § Verwandtschaft, p. 90. 
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oe ay in the state of carbonate. The liquid which now contains 
W— only subnitrite, being filtered and evaporated, deposites crys- 
tals of the salt. 

This salt crystallizes in plates or scales and has a yellow co- 
lour. 100 parts of water at the temperature of 74° dissolve 
1:26 of this salt; 100 parts of boiling water dissolve 9-41 parts. 
When this solution is allowed to cool it retains more of the 
salt than cold water would be able to dissolve. This solution 
has a yellow colour. It restores the blue colour of litmus pa- 
per reddened by an acid. It does not absorb oxygen from the 
atmosphere; but when exposed to the air it becomes covered 
with a pellicle of carbonate of lead. When this salt in pow- 
der is thrown into nitric acid or acetic acid, nitrous fumes are 
disengaged. When a current of carbonic acid is passed through 
the solution of this salt in water, it would appear from Chev- 
reul’s experiments that one half of the oxide of lead is thrown 
down in the state of carbonate. The other half remaining, 
combined with the nitrous acid, constitutes nitrite of lead. But 
as he did not evaporate the solution, or obtain the nitrite ina 
separate state, we are ignorant of its properties. 

When carbonate of potash is dropped into subnitrite of lead, 
a double decomposition takes place, carbonate of lead is pre- 
cipitated and nitrite of potash remains in solution. When it 
is boiled with protoxide of lead the subnitrite of lead is con- 
verted into quadrosubnitrite; but a very long ebullition is re- 
quisite to complete this change. This subnitrite, according to 
the experiments of Berzelius and Chevreul which agree, is 
composed of 

, 20 acid and water 
80 protoxide of lead 


xmas eee 


100 


According to Chevreul* its constituents, abstracting the 
water, are 
Acids 25). Od Saya aa 00 
Bases. 2.4 20 Ble Ae AGO 


If it be a compound of 1 atom nitrous acid and 2 atoms pro- 
toxide of lead, as it ought to be, its constituents should be 


Acid eoeeeeveereecere osceoevee 100 
pase Wiae a ech. cabs Se ens 


* Ann. de Chim. Ixxxviii, 88. 
7 
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(2.) Quadrosubnitrite. This salt is obtained by dissolving a Chap. IL 


maximum of lead in nitrate of lead. It crystallizes in small 
needles united to each other in the form of stars. Its colour 
is brick red. 100 parts of boiling water dissolve about 3 parts 
of it, and 100 parts of water at the temperature of 74° dis- 
solve about 0°7 of a part. It is decomposed by carbonate of 
potash and by sulphuric, nitric, and acetic acids in the same 
way as the preceding subspecies. Carbonic acid precipitates 
abundance of carbonate of lead. Its constituents, according 
to Berzelius, are | 


sts Se e LOE CI 2S 100 
Oxide yi 89S oo FO 882s 


100°000 
According to Chevreul, 


Acid eoees 00 60 8 9°9 atte e LOO 
Onde “ie. x65 OOP oy 255. 910 


100°0 
If we suppose it a compound of 1 atom acid + 4 atoms 
oxide, its constituents ought to be 


(3.) Nitrite. Berzelius obtained this salt by mixing the solu- 
tion of subnitrite with a quantity of sulphuric acid, just capa- 
ble of saturating the half of the oxide of lead which it con- 
tained. The sulphate of lead formed being separated by the 
filter, the liquid was allowed to crystallize spontaneously. Oc- 
tahedral crystals of a deep yellow colour were deposited. It 
is much more soluble in water than nitrate of lead. When 
heated it melts and-swells much while its acid and water are 
escaping. According to the experiments and calculations of 
Berzelius its constituents are 


tS 


Nitrous acid (000048 29925" 40". Fe0 
Protoxide of lead.... 70°375 .... 294°14 
Water (s/n 33 woe edhe eagle DOM 


100°000* 


Supposing it a compound of 1 atom hyponitrous acid and 1 
atom oxide of lead, its composition ought to be 


* Ann. de Chim, lxxxiii. 23. 
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Sp. 3. Carbonate of lead. Carbonic acid has no action what- 
ever on lead, neither is it capable of dissolving its oxide; but 
it combines readily with the yellow oxide, and forms a carbo 
nate. This salt is most easily obtained by precipitating lead 
from its solution in nitric acid by the alkaline carbonates. By 
that process it is obtained in the state of a white powder. It 
is tasteless and insoluble in water ; but soluble in pure potash, 
in the same manner as the oxides of lead. 

The white lead of commerce (or ceruse), employed as a paint, 
is merely a carbonate of lead, as Bergman first observed.* It 
is prepared by exposing thin plates of lead to the hot vapours 
of acetic acid. The metal is gradually corroded and converted 
into a carbonate, probably at the expense of the acid. The 
beauty of the colour depends principally on the purity of the 
lead employed.+ 

This salt occurs native. In that state it is usually white, and 
has a good deal of lustre. Its specific gravity is 7:°2357.t It 
is sometimes crystallized in six-sided prisms, terminated by six- 
sided pyramids, sometimes in regular octahedrons,§ and some- 
times in tables.|| It is insoluble in water. When exposed to 
the action of the blow-pipe upon charcoal, the lead is imme- 
diately reduced to the metallic state. 

This salt has been analyzed by some of the most expert che- 
mists. ‘The constituents, as determined by their experiments, 
may be seen in the following table : 


Tol guillalanilsb uals uae tal nce ae 
ACI 223 veees 1D S16 + SOND .. 8635 . tos .. houm 
Yellow oxide... 85 .. 84 .. 83°85 .. 83°67 .. 83°5 .. 83°59 


ee oe ee Reems oot aa Coane ee ——____. 


100 100 100°00 100°00 100°:0 100-00 


* Opusc. 1.39. Proust has lately shown the same thing. Jour. de Phys. 
lvi. 207. Scheele found that a little acetic acid was always separated from 


it when white lead was distilled with sulphuric acid. Crell’s Annals, iii. 8. _ 


Eng. Trans. 
+ The best English white lead is made at Newcastle-upon-Tyne. An ac- 
count of the German process will be found in the Ann. de Chim. Ixxii. 225. 
+ Bournon, Nicholson’s Jour. iv. 220. 
§ Hauy, Jour. de Min. An. v. 502. || As at Leadhills in Scotland. 
** Chenevix, Nicholson’s Quarto Jour. iv. 221. 
++ Bergman, Opusc. 11. 393. 
tt Proust, Jour. de Phys. lvi. 207. §§ Klaproth, Beitrage, iii. 165. 
|] Berzelius, Ann. de Chim. Ixxvii. 83. *** Theoretical composition. 
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Sp. 4. Borate of lead. Boracic acid has no action on lead; crap. n. 
but borate of lead is precipitated in the state of a white powder , =~ 
when borate of soda is mixed with nitrate of lead. Before the 
blow-pipe it melts into a colourless glass.* | When one part of 
boracic acid is melted with two parts of red oxide of lead, the 
product, according to Reuss, is a greenish-yellow, transparent, 
hard, insoluble glass.+ 

Sp. 5. Phosphate of lead. Phosphoric acid has but little 5. rhos- 
action on lead; but when the two substances are left long in ""* 
contact, the metal is corroded and some phosphate of lead 
formed. ‘Three subspecies of this salt are known to exist. 

1. Neutral phosphate. This salt exists native. It may be 
obtained by pouring a solution of muriate of lead in boiling 
water into phosphate of soda. A white powder falls down, 
which when properly washed and dried is pure phosphate. 
This salt is insoluble in water unless there be a considerable 
excess of acid; but it is soluble in pure soda, and probably 
forms with it a triple salt.t It dissolves readily in nitric acid, 
and likewise in concentrated muriatic acid when the action of 
the liquid is assisted by heat. As the solution cools, crystals 
of muriate of lead precipitate in abundance. Sulphuric acid, 
when assisted by heat, decomposes this salt, combining with 
the oxide, and leaving the acid in a state capable of dissolving 
in water. When heated, it melts, and assumes on cooling a 
regular polyhedral form. In a red heat it is decomposed by 
charcoal, which absorbs the oxygen from both of its compo- 
nent parts. ‘The constituents of this salt are as follows : 
§ | a 
Phosphorie: acid! 6510008. 64300.) doi 800 
Protoxideof lead...300..... 314 .... 311°] 


2. Superphosphate. When a boiling solution of muriate of 
lead is poured into biphosphate of soda a precipitate falls, 
which after being well washed retains the property of redden- 
ing vegetable blues. According to the analysis of Berzelius,t+ 
this salt is composed of 


Eng@spiorie aging coy, fod -< 100 

Protoxide of lead ........ 230°6 
* Wenzel’s Verwandt, p. 252. + Reuss de Sale Sedative. 
t Vauquelin, Jour. de Min. No. ix. p. 6. § By my analysis. 


| Berzelius, Ann. de Chim. et Phys. ii, 160. 
** Theoretical composition. 
++ Ann. de Chim. et Phys. ii, 160 
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3. Subphosphate. Berzelius obtained this subspecies by di- 
gesting phosphate of lead in caustic ammonia. ‘The insoluble 
portion after being washed and dried was composed of 


PROSPHOLIC ACM. 6. ¢ ole vos 100 
Protoxide of lead ....... ~ 472 


Here the oxide is 14 times as great as in the neutral phos- 
phate. For 314 x 14 = 471. 

Sp. 6. Nitrophosphate of lead. When phosphoric acid is 
poured into nitrate of lead small crystals are deposited at an 
interval of some hours. These crystals are a triple salt com- 
posed of 1 atom of nitrate of lead united to 2 atoms of phos- 
phate of lead. They are but weakly acted on by water which 
is scarcely capable of removing the whole of the nitrate of 
lead.* 

Sp. 7. Phosphite of lead. Berzelius prepared this salt by 
pouring hot muriate of lead into phosphite of ammonia. The 
precipitate, being well boiled in water and dried, is pure phos- 
phite of lead. It is a white powder tasteless and insoluble in 
water. When heated it gives out phosphorus and phosphur- 
etted hydrogen gas. According to the analysis of Berzelius 
this salt is composed of 


Phosphorous acid ...... 19°78 
Protoxide of lead ...... 80°22 


100°00+ 


Berzelius found 3°15 per cent. of water; but it is obvious 
that this water must have been merely mechanically mixed, as 
it did not amount to much more than half an atom. 

Sp. 8. Szlphate of lead. Sulphuric acid does not attack lead 
while cold; but at a boiling heat it communicates a portion of 
its oxygen, sulphurous acid gas is emitted, and the whole is 
converted into a thick white mass, which is sulphate of lead. 
It may be obtained readily by pouring sulphuric acid into ace- 
tate of lead, or by mixing this last salt with any of the alka- 
line sulphates. ‘The sulphate of lead precipitates in the state 
of a white powder. This salt is tasteless. Its specific gravity 
is 1:8742.t It is insoluble in alcohol and in nitric acid. Ac- 
cording to Kirwan, it requires 1200 parts of water to dissolve 


* Berzelius, Ann. de Chim. et Phys. i. 161. 
+ Ann. de Chim. et Phys. ii. 230. 
+ Hassenfratz, Ann. de Chim. xxviii. 12. 
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it; * but when it contains an excess of acid, it is more solu- 
ble, and yields by evaporation small white crystals, which, 
according to Sage, have the form of tetrahedral prisms. It 
dissolves in strong muriatic acid when the action of the solvent 
is promoted by heat; the solution, on cooling, deposites many 
crystals of muriate of lead.+ It is found native crystallized, 
according to Kirwan, in four-sided oblique-angled prisms; t 
according to Hauy, in regular octahedrons.§ The native 
sulphate of lead found in Paris mountain, Anglesey, is crystal- 
lized in four-sided pyramids; the specimens found at Leadhills 
in Scotland, are in transparent tables. 

According to the most accurate analyses hitherto made, the 
constituents of this salt are as follows : 

| = bs §§ 

PM Nyeradicd dus = OP Si ln BE 12 6 26S. 26S... «26316 
Yellow oxide.... 75°00 .. 75°28 .. '73°5 .. 73°68 .. 73°684: 
WRLORT Th Gh si 1°63 


100°00 ~=6100°00 =100°0 =100°00 ~=100°00 

A hundred parts of this salt, according to Kirwan, contain 
71 parts of pure lead.|| || 

In close vessels this salt endures a considerable heat with- 
out alteration. I find that, after being dried in the tempera- 
ture of about 400°, it may be heated to redness in a platinum 
crucible without losing any weight. On charcoal it melts, 
and the lead is quickly reduced. 

When this salt is treated with alkalies, it is deprived of the 
greater part of its acid; but a portion still adheres. The 
white powder obtained by this process is therefore a subsul- 
phate of lead. 

Sp. 9. Swlphite of lead. Sulphurous acid has no action 
whatever on lead. It absorbs oxygen from the red oxide of 
that metal, and is converted into sulphuric acid. But it com- 
bines with the protoxide of lead, and forms with it a sulphite, 
which is in the state of a white powder, insoluble in water, and 


* Mineralogy, 11. 211. t+ Descotils, Nicholson’s Jour. xii. 221, 
t Kirwan’s Min. ii. 211. § Jour. de Min. An. v. p. 508. 
|| Kirwan on Mineral Waters, Table IV. 
** Bucholz, Gehlen’s Journal, v. 262. 
tt Klaproth’s Beitrage, iii. 166. 
tt Berzelius, Ann. de Chim. Ixxviii. 83. 
§§ Theoretical composition, 
[| || On Mineral Waters, Table IV. If the salt be free from water, 100 parts 
of it really contain exactly 68-421 parts of lead. 
2R2 
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tasteless. Before the blow-pipe on charcoal it melts, becomes 
yellow, and the lead is at last reduced.* Sulphite of lead, 
dried in a temperature of about 300°, is composed of 


Sulphurous acid......... 200 
Protoxide of lead ........ 778 
100°0 


When exposed to a red heat, it loses 5 per cent. of its 
weight; sulphurous acid exhales; and there remains a blackish 
mass composed of sulphate of lead and sulphuret. When 
treated with nitric acid, the sulphuret is decomposed, and 
crystals of nitrate obtained. 

Sp. 10. Hyposulphite of lead. This salt is obtained by 
pouring nitrate of lead into the solution of any hyposulphite. 
A white precipitate falls which is at first redissolved ; but upon 
adding the requisite quantity of nitrate it becomes permanent. 
This hyposulphite is a white mealy powder, which leaves an 
impression of sweetness when held long in the mouth. Ata 
heat under 212° it turns black, and when the heat is raised it 
takes fire, becoming red hot, and burns with a weak flame. 
If it be now removed from the fire, the ignition and combus- 
tion may be maintained for any length of time by cautiously 
adding small quantities of the substance. When heated in a 
retort it loses 20 per cent. of its weight, which is pure sul- 
phurous acid gas. When fully ignited the loss is 20°6 per 
cent. the residuum, which is a black powder, is, according to 
Mr. Herschell, a sulphuretted oxide of lead. The consti- 
tuents of hyposulphite of lead, according to the analysis of 
Mr. Herschell, are as follows : 


Hyposulphurous acid ........ 29°7 
Oxideiol deddiiis asad baresicin’ 70°3 
100°0 


It is therefore a binhyposulphite of lead.+ 

Sp. 11. Seleniate of lead. This salt has the form of a heavy 
white powder, which falls very rapidly, and which is not so- 
luble in an excess of acid. When heated it melts and becomes 
transparent and yellow. On cooling it recovers its white co- 


* Fourcroy and Vauquelin, Connoissances Chimiques, vi. 86. 
t Edin. Phil. Jour. 1. 24. 
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lour, becomes opaque, and exhibits a crystalline texture. In 
a heat nearly white it boils, and selenic acid sublimes, and there 
remains a subseleniate which is semitransparent and friable, 
and has a strongly marked crystalline texture. The seleniate 
of lead, according to the analysis of Berzelius, is composed of 


Selenic'acid’'. 8) 22°25 1 
Oxide of lead ...... 2 
ere 


Sp. 12. Arseniate of lead. Arsenic acid attacks lead ma 
digesting heat, communicates a portion of its oxygen, and 
converts it into arseniate of lead in the state of an insoluble 
white powder. When arsenic acid is poured into the solution 
of lead in nitric, muriatic, or arsenic acids, arseniate of lead 
precipitates in powder. When this salt is heated it melts; 
and if charcoal be thrown into the mass while in fusion, arse- 
nic is volatilized, and the lead is reduced; the charcoal ab- 
stracting the oxygen from both of the component parts of the 
salt. 

Arseniate of lead is completely insoluble in water. It has 
been found native. According to the analysis of Chenevix 
and Thenard, its constituents are as follows: 


;: t § 
Ache uHe? y Be We DuBer oie. Dp S4elg 
Yellow oxides, 63) Ji 64°38)... 65°88 
Water 0h... Ai 
100 100°0 100°‘00 


Sp. 13. Antimoniate of lead. ‘This salt is obtained by pour- 
ing antimoniate of potash into nitrate of lead. It precipitates 
in the state of a white matter very similar in appearance to 
chloride of lead. It is quite insoluble in water. Before the 
blow-pipe on charcoal it is reduced to the metallic state, con- 
stituting an alloy of antimony and lead. Nitric acid does not 
decompose it completely; so that Berzelius, to whom we are 
indebted for every thing known respecting the antimoniates, 
was unable to analyze it. || — 


* Ann. de Chim. et de Phys. 1x. 339. 
+ Chenevix, Phil. Trans. 1801, p. 199. 
} Thenard, Ann. de Chim. 1. 123. 

§ Theoretical composition. 

ii Nicholson’s Journal, xxxv, 41. 
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Sp. 14. Antimonite of lead. This salt may be obtained by 
the same process as the preceding, which it perfectly resembles 
in its properties.* 

Sp. 15. Chromate of lead. ‘This salt may be formed by mix- 
ing together the solutions of nitrate of lead and an alkaline 
chromate, The chromate of lead, in that case, precipitates in 
the state of an orangepowder; but it exists native, and is indeed 
the compound from which chromic acid is usually obtained. 

Its colour is red witha shade of yellow; and its crystals are 
four-sided prisms, sometimes terminated by four-sided pyra- 
mids. Its specific gravity is about 6. It is insoluble in water, 
but soluble in the fixed alkalies without decomposition. Nitric 
acid also dissolves it; but muriatic and sulphuric acids de- 
compose it, precipitating the lead in the state of muriate or 
sulphate. According to the analysis of Vauquelin, it is com- 
posed of about , 

34°9 acid 
65°1 oxide 


100°0 + 
Sp. 16. Molybdate of lead. The action of molybdic acid 


on lead has not been tried ; but Scheele ascertained, that when 
dropped into the solution of lead in nitric or muriatic acid, 
molybdate of lead was immediately precipitated.t The preci- 


pitate from nitric acid is redissolved by adding nitric acid. § 


This salt occurs native in Carinthia. Its composition was 
first detected by Klaproth. It has a yellow colour, and is 
completely insoluble in water. Its specific gravity is 5°706. || 
Its crystals are cubic or rhomboidal plates. When heated, it 
decrepitates and melts into a yellowish mass. It is soluble in 
fixed alkalies and in nitric acid. Muriatic acid decomposes it 
by the assistance of heat, and carries off the lead. According 
to the analysis of Klaproth, it is composed of about 


34°7 acid 
65°3 oxide 


= a 


100°0 ** 


* Berzelius, Nicholson’s Journal, xxxv. 45. 

+ Jour. de Min. No. xxxiv. p. 790. : 

t Scheele, i. 246. § Hatchett, Phil. Trans. 1796. 
|| Hatchett, Phil. Trans. 1796, ** Beitrage, ii. 275. 
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Sp. 17. Tungstate of lead, Nitrated tungstate of potash o¢- Chap. IL 
casions a white precipitate in nitrate of lead.* ascent 
Sp. 18. Acetate of lead. Acetic acid, as Scheele + first, 18. acetate. 
and Vauquelin afterwards, showed, does not attack lead in 
close vessels; but it occasions its oxidizement when the lead is 
in contact both with the acid and the air, and the oxide is 
dissolved asit forms. It dissolves the yellow oxide very readily, 
and forms with it three salts; the first is the neutral salt, the 
second contains an excess of base, and the third is a sub- 
acetate composed of 4 atoms acid + 5 atoms oxide of lead. 
(1.) Acetate of lead has been long known. It is mentioned 
by Isaac Hollandus and Raymond Lully. It received formerly 
a great variety of names; such as, sugar of lead, sugar of 
Saturn, salt of Saturn, &c. 
This salt is employed in considerable quantities by dyers 
and calico-printers. They mix it with alum or with sulphate 
of iron, and by that means compose acetate of alumina or of 
iron, according to the process; salts which answer much bet- 
ter as mordants for fixing their colours than alum or green 
vitriol. It is prepared in considerable quantities both in this 
country and in Holland and France. The manufacturers 
distil their own acid in England and Holland from sour beer, 
and in France from sour wine. The different processes fol- 
lowed by manufacturers have been described by Weber} and 
Demachy, § and more lately by Pontier. || 
These processes may be reduced to two; either lead in the Prepara- 
metallic state is exposed to the action of the acetic acid, or soi 
the carbonate of lead is dissolved in it. In the first case, thin 
plates of lead are put into earthen vessels along with acetic 
acid. The portion of the lead near the surface, as soon as it 
is covered with a coat of oxide, is removed to the bottom of 
the vessel, and new plates are brought to the surface. These 
are incrusted in their turn, and removed to the bottom, where 
the oxide is dissolved. This change of place is continued 
daily till the acid has dissolved a sufficient quantity of lead. It 
is then filtered, and sufficiently concentrated by evaporation. 
As it cools, the acetate of lead precipitates in small crystals. 
Other manufacturers dissolve the carbonate of lead, pre- 
pared by exposing the metal to the fumes of vinegar ; or they 


* Scheele, 11. + Crell’s Annals, 11. 8. Eng. Trans. 
} Phys. Chem. Magazin. 1, 84. § Laborant in grossen, il, 194. 
|| Ann. de Chim, xxxvil. 268. 
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Book 1. make use of litharge in its stead, and the solution is evapo-~ 
<a vated in the usual way till the salt crystallizes. This process 
is considered as more expensive than the other: but might 
not native carbonate of lead, which is found abundantly in 
many places, be employed with advantage instead of these 
artificial oxides ? 
Properties. § Acetate of lead is usually in the form of small rhomboidal 
prisms terminated by an oblique rhomboidal face. They have 
a glossy appearance like satin. Its taste is sweet and some- 
what astringent. Its specific gravity is 2°345.* When water 
is boiled upon this salt, it dissolves about ‘29, and retains in 
solution when cold about -27 of its weight of it. When ex- 
posed to the air, it undergoes no change. Its constituents 
are easily separated. When it is dissolved in water, a small 
quantity of white powder usually falls. It is carbonate of 
lead, formed by the carbonic acid, which usually exists in 
water. When we blow through a solution of acetate of lead, 
the same white powder precipitates.{, 200 gr. of alcohol of 
0'835 dissolve 15°7 gr. of acetate of lead at 60°. 

This salt is decomposed by all those acids and their com- 
pounds which form with lead a salt nearly insoluble in water ; 
as the sulphuric, phosphoric, muriatic, fluoric, oxalic, malic, 

Products &¢. When heated, it is decomposed ; and if it be distilled 
Hes = in a retort, very singular products are obtained. These pro- 
ducts were first examined by Beccher ; afterwards by Baumé, 
and more particularly by Pluvinet: but it is to Proust that 
we are indebted for the most precise information on the sub- 
ject. By distilling 160 parts of sugar of lead, he obtained by 
a gentle heat 12 parts of water slightly acidulated with vine- 
gar. Then by increasing the fire, there came over 72 parts of a 
yellow liquid, having the odour of alcohol, strong and agrees 
able, though mixed with an empyreumatic smell. When lime 
is added to the liquid, ammonia is disengaged, which existed 
in the liquid, combined with a slight excess of acetic acid. 
When the liquid was saturated with potash, and allowed to 
remain for 24 hours, about one-third of a part of oil sepa- 
rated and floated on its surface. This oi] being separated by 
a syphon, was found to have a strong odour. The liquid was 


* Hassenfratz, Ann. de Chim. xxviii. 19. 

ft Bostock, Nicholson’s Jour. xi. 79. Wenzel affirms, that water at the 
temperature of 100° dissolves its own weight of this salt. Verwandtschaft, 
p. 308. But this is a mistake, 

+ Proust, Jour. de Phys. yi. 207. 


SALTS OF LEAD. 


then distilled by means of a low heat. 
which came over were of the specific gravity 0°88. 


liquid mixed with water exactly like alcohol. 
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The first eight parts chap. 1. 


nig yr 


Its taste was 


strong, and its volatility scarcely inferior to that of ether. 
It burns rapidly, and with a large white flame, when brought 


near a lighted candle. 


portion of water.* 


etee 7 


Base 


Water 


It contained manifestly a considerable 


During the distillation abundance of car- 
bonic acid gas is disengaged, but no sensible portion of any 
other elastic fluid. The constituents of acetate of lead are 


ij § 
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(2.) Subtritacetate. ‘The nature of this salt was first pointed 
out by Scheele; || but Thenard first investigated its properties 


with precision.** 


It may be formed by boiling together in 


water 100 parts of the sugar of lead, and 150 parts of dry 


litharge deprived of carbonic acid. 


is less soluble in water; and it crystallizes in plates. 
composed, according to Berzelius, of the following proportions: 


eseeee 


100°00 
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Its taste is less sweet; it 


Te 1s 


Henee it is a compound of 1 atom acid, and 3 atoms oxide 


of lead. 


The solution of the oxide of lead in acetic acid was strenu- 
ously recommended by Goulard, a surgeon in Montpelier, as 
an excellent application in cases of inflammation. 
prepared by boiling distilled vinegar on litharge till it refused 
to dissolve any more of the oxide, This preparation was Gowlard’s 


distinguished by the names ot Goulard’s extract and vinegar of 


It was 


extract. 


lead. Scheele first ascertained the nature of this substance, 
by showing that solution of sugar of lead in water is converted 


* Proust, Jour. de Phys. lvi. 209. 

+ Berzelius, Annals of Philosophy, v. 175. 

§ Theoretical composition, supposing the salt composed of 1 atom acid, 
1 atom oxide, and 3 atoms water. 

|| Crell’s Annals, in. 8. Eng. Trans. 

** Nicholson’s Journal, vi. 223. 


t By my analysis. 


618 


Book IT. 
Division II. 


19. Benzo- 
ate. 


SALTS. 


into Goulard’s extract, by keeping in it a plate of lead for 
the space of a day; and by proving that the solution oxidized 
and dissolved a portion of the plate.* But subsequent writers 
had overlooked the observations of this chemist, till Dr. Bos- 
tock examined Goulard’s extract, and by comparing it with 
sugar of lead, showed that it is in reality a solution of sub- 
acetate of lead in water.+ It is precipitated in much greater 
proportion by carbonic acid than the acetate; and it is a much 
more delicate test for mucilage or gum, as was known to che- 
mists long before Mr. John Hunter employed it as a reagent. 
(3.) Subacetate. ‘This salt crystallizes in large flat rhom- 

boidal prisms with angles of 106° and 74°. Each prism is 
terminated by a dihedral summit, formed by two faces pro- 
ceeding from the narrow faces of the prism, and meeting at 
an angle of 130°. These crystals are not altered by exposure 
to the air. ‘The taste of the salt is sweet and astringent, si- 
milar to the taste of common sugar of lead. Its specific 
gravity is 2.575. At the temperature of 60°, 100 parts of 
water dissolve 34°8 parts of the salt. It dissolves likewise in 
alcohol. When heated it melts and boils, giving out first 
water and then acetic acid. It becomes solid all at once. It 
is then an orange-coloured powder, consisting entirely of a 
mixture of two parts protoxide of lead, and one part of lead. 
The constituents of this salt, according to my analysis, are 
as follows: 

FACChIC ACI Face oe 

Protoxide of lead ..... 59 

VV ager NOES ir, ee lok Bae 


100 


So that it is composed of 4 atoms acetic acid + 5 atoms pro- 
toxide of lead + 19 atoms water. t 

Sp. 19. Benzoate of lead. Benzoic acid dissolves lead with 
difficulty. The solution yields by evaporation crystals of ben- 
zoate of lead of a brilliant white colour, soluble in alcohol and 
water; not altered by exposure to the air, but decomposed by 
heat, which drives off their acid. The sulphuric and muriatic 
acids separate the lead.§_ This salt is composed as follows: 


* Crell’s Annals, ili. 10. Eng. Trans, ¢ Nicholson’s Jour. x1. 75. 
{ Annals of Philosophy, xiv. 382. 
§ Trommsdorf, Ann. de Chim. xi. 316. 
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* + Chap. I. 
Acid .4:.... 49°66 . 0... 49°79 SN 
Base goo?) . 46°49 .... 46°47 


Water unnT2! SB oo: B74 


100°00 100°00 


Berzelius obtained a subbenzoate of lead by digesting the 
neutral benzoate in caustic ammonia. He found it composed 
of 1 atom acid + 3 atoms oxide of lead, or by weight of 

Hetizsie.acid P2720 ccex 26 
Protoxide of lead........ 74 


merece 


100 


Sp. 20. Succinate of lead. Succinic acid scarcely attacks 20. Sucei- 
lead, but it dissolves its yellow oxide; and the solution, ac-""* 
cording to Wenzel, yields long slender foliated crystals,} 
scarcely soluble in water, but soluble in nitric acid. Succinic 
acid does not precipitate lead from nitric or muriatic acid ; 
but it occasions a precipitate in acetate of lead.§ The con- 
stituents of this salt are as follows: 

| - 
Read COPS OF 5 a S086 
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100°0 100°00 
By digesting the neutral succinate in ammonia, Berzelius 
obtained a subsuccinate composed of 1 atom acid + 3 atoms 
oxide of lead. Its constituents were 
Sucemmic acids.cive | 1B'OF) co en 100 
Oxide of lead ..... 86°93 .... 666 


100°00 


Sp. 21. Suberate of lead. Suberic acid precipitates lead 
from the acetic and nitric acids.++ 


* Berzelius, Annals of Philosophy, v. 181. 

+ Theoretical composition, supposing it composed of 1 atom acid, 1 atom 
oxide, and 1 atom water. 

{ Wenzel’s Verwand. p. 241. 

§ Stockar de Neuforn de Succino, § 33, as quoted by Gren, Handbuch, 
ili. 281. 

|| Berzelius, Annals of Philosophy, v. 100. 

** Theoretical composition. 

++ Bouillon Lagrange, Ann. de Chim, xxiii. 48. 
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Book II. Sp. 22. Oxalate of lead. Oxalie acid blackens lead, but it 


Nan cwiis scarcely capable of dissolving it; but it dissolves its pro- 
72, Oxalate. toxide, and when nearly saturated deposites small crystalline 
grains of oxalate of lead. The same crystals are precipitated 
when oxalic acid is dropped into the nitrate, muriate, or ace- 
tate of lead dissolved in water. They are insoluble in alcohol, 
and scarcely soluble in water, unless they contain an excess 


of acid. The constituents of this salt are 


: t 
Acid) ....4.06. 24°64 bln. 240866 
Oxides... 0s 7546 .... 75°634 


100°00 100°000 


Sp. 23. Mellate of lead. Mellitic acid occasions a white 
precipitate when dropped into nitrate of lead ; but the preci- 
pitate is re-dissolved by the addition of nitric acid. ¢ 

Sura ye) Sp. 24. Tartrate of lead. Tartaric acid has no action on 

nen lead; but it combines with its oxide, and precipitates tartrate 
of lead, in the state of a white powder, from the nitrate, mu- 
riate, and acetate of that metal. This salt is completely inso- 
luble in water.§ Its constituents, according to the respective 
analyses hitherto made, are as follows: 


| as 7 gaan 
Acide cen! ee. 34... 37 .. 87-44 2. 875 .. 87°43 
Yellow oxide .. 66 .. 63 .. 62°56 .. 62°5 .. 62°54 


Sent eee ood a _— 


100 100 100°00 § 100°0 100°00 


Sp. 25. Tartrate of potash-and-lead. This triple salt may be — 


formed by boiling tartar and oxide of lead together in water. 


Thenard informs us that it is insoluble, and that it is neither | 


decomposed by alkalies nor by sulphates. || || 
Sp. 26. Citrate of lead. Citric acid does not attack lead; 
but when dropped into acetate of lead, a citrate precipitates in 


* Berzelius, Annals of Philosophy, v. 97. 

+ Theoretical composition. 

{ Klaproth’s Beitrage, iii. 132. 

§ Buchoiz, Gehlen’s Jour. v. 269. 
| Thenard, Ann. de Chim. xxxviii. 37. 

** Bucholz, Gehlen’s Jour. v. 269. 

tt By my analysis. 

t] Berzelius, Annals of Philosophy, v. 95. 

§§ Theoretical composition. 

|| || Thenard, Ann. de Chim. xxxviii. 36, 


ad 
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the state of a difficultly soluble powder.* The constituents Chap. 11. 
of this salt are : 


i t 
RENCE a ache PEELS oleae as B4°5 
RSE es es GO Bo x he vac 65°5 
100°00 100°0 


Sp. 27. Saclactate of lead. Saclactic acid occasions a white 
precipitate when dropped into nitrate of lead.§ It is very 
easily acted on by heat, the acid becoming brown at a moderate 
temperature. ‘The constituents of this salt are as follows: 


I K% 
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100°00 100°00 


Sp. 28. Malate of lead. Malic acid does not attack lead; as, matate. 
but when poured into a solution of lead in nitric or acetic 
acid, malate of lead is immediately precipitated ;}+ and like- 
wise, as Vauquelin has observed, when acetate of lead is 
poured into a solution containing malate of lime. This pre- 
cipitate is easily distinguished by the form of fine light flakes 
which it has, and by the facility with which it is dissolved by 
the acetic and weak nitric acids.{{{ We learn from the expe- 
riments of Mr. Donovan, that there are three subspecies of 
this salt. 
1. The neutral malate. If obtained by precipitation it is a 
white powder ; but if obtained from solution in its own acid it 
is in beautiful silvery crystals. It is quite insoluble in water. 
2. Submalate. A white insoluble matter. If in mass, it is 
dense and hard; if in powder, it is gritty. 
3. Supermalate. ‘This salt never assumes the solid form. It 
has a sweet taste.§§ { 
Sp. 29. Lactate of lead. Lactic acid unites in three differ- 29. nactate. 


* Wenzel’s Verwandtschaft, p. 184. 

+ Berzelius, Annals of Philosophy, v. 93. 

t Theoretical composition. § Scheele, ii. 80. 

|| Berzelius, Annals of Philosophy, v. 180. 

** Theoretical composition. 

++ Scheele, Crell’s Annals, 1.7. Eng. Trans. 

tt Ann. de Chim. xxxv. 155. §§ Donovan, Phil. Trans. 1815. 
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ent proportions with oxide of lead, and forms three different 
saline compounds. 

1. Neutral lactate. It is obtained by digesting an alcoholic 
solution of lactic acid on finely powdered litharge, till the li- 
quid acquires a sweet taste. ‘The liquid being then evapora- 
ted to the’consistence of honey, deposites the lactate in small 
grains, which may be purified by washing them in alcohol. 
When dry they are light and silvery. They are not changed 
in the air. When treated with sulphuretted hydrogen, pure 
lactic acid may be obtained. 

2. Superlactate. When lactic acid is digested on carbonate 
of lead it becomes browner than before; but cannot be fully 
saturated by the oxide. We obtain an acid salt which does 
not crystallize, but dries into a syrup like brown mass, with a 
sweet austere taste. 

3. Sublactate. If we digest lactic acid on a greater propor- 
tion of litharge than is necessary for its saturation, the liquid 
acquires at first a browner colour; but, as the digestion pro- 
ceeds, the colour becomes lighter, and the oxide swells into a 
bulky powder. If the whole be evaporated to dryness, boiled 
in water, and the liquid filtered while hot, it deposites on cool- 
ing a light yellow powder, which is sublactate of lead. When 
dried it is mealy and soft to the touch. It is decomposed by 
the weakest acids. When warmed and set on fire at one 
point it burns like tinder, and leaves the lead in a great mea- 
sure reduced. According to the experiments of Berzelius, 
this salt is composed of 


Aieides on cachet stant 7. 
Oxide of lead ..... 83 


Seminal 


100 


But he considers the proportion of lead thus stated as too 
high.* Were we to suppose the salt a compound of 1 atom 
acid + 3 atoms oxide, the weight of an atom of lactic acid 
deduced from it would be 8:716. We may consider 8°750 as 
an approximation, which would reduce the proportion of oxide 
of lead a little. 

Sp. 30. Gallate of lead. Berzelius prepared this salt in the 
following manner. He dissolved gallic acid in a very small 
quantity of water and added solid carbonate of ammonia. 


* Berzelius, Djurkemien, ii. 439. 
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‘When the effervescence was over, he exposed it along with chap. 11, 
sulphuric acid under the receiver of an air pump exhausted of 
air. The ammonia first evaporated and then the water. The 
dry saline mass was dissolved in warm water and mixed with 
a boiling solution of nitrate of lead, the whole being put into 
a phial was digested till the gallate assumed the form of grains. 
These were repeatedly washed with hot water and then dried 
between folds of blotting paper. Gallate of lead thus prepared 
is a white crystalline powder with a shade of grey. When 
exposed to the air it becomes brown. Its constituents are as 
follows: | 
e f 
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100°0 100 
Sp. 31. Tannate of lead. Berzelius prepared this salt in the 31. ran. 

following manner. ‘The cold infusion of nutgalls was as ™* 
nearly as possible neutralized by means of ammonia. It was 
then mixed with muriate of barytes. A copious precipitate of 
tannate of barytes fell. This was separated by the filter and 
washed with care. This tannate being mixed with dilute 
sulphuric acid, furnished supertannate of barytes soluble in 
hot water. To the solution he added sulphuric acid till al- 
most the whole barytes was precipitated. The liquid being 
now filtered had a very astringent taste and reddened litmus 
paper. Ammonia was added to it till the tannate of barytes 
began to precipitate. The whole was now mixed with nitrate 

of lead as long as any precipitate fell. ‘This precipitate being 
boiled in water as long as any tannin was separated was neu- 
tral tannate of lead. It was dried in a vacuum and then sub- 
jected to analysis. Its composition is as follows: 

t § 
Banninsis09 2 6579 iis, OS'S 
Oxide of lead. 34°21 7... 34°46 


100°00 100°00 


* Berzelius, Annals of Philosophy, v. 177. 

+ Theoretical composition. ~ Annals of Philosophy, v. 183. 

§ Theoretical composition, on the supposition that an atom of tannin 
weighs 26°625. But if the weight of an atom of tannin is only 8°875, as I 
conceive, then the tannate in the table will be a compound of 3 atoms tan- 
nin and 1 atom oxide of lead, and what Berzelius considers as a subtannate 
will in reality be the neutral tannate. 
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When the tannate of lead is digested in ammonia no change 
is produced, but if tannate of ammonia be mixed with a boil- 
ing solution of subnitrate of lead a subtannate is obtained. It 
had a white colour, and when dried became ereenish, but he 
did not succeed in making a satisfactory analysis of it. 


Such are the properties of the salts of lead as far as they 
have been examined. As so great a proportion of them is in- 
soluble in water, they answer well for enabling us to deter- 
mine the equivalent number for the different acids that com- 
pose them. Berzelius has taken advantage of this property. 
It was chiefly by means of them that he was enabled to ana- 
lyse the different vegetable acids. 

The composition of the salts of lead is easily determined by 
considering them as compounds of 1 atom oxide of lead with 
1 atom of each of the acids. The weight of an atom of prot- 
oxide of lead is 14, and that of the acids has been given in a 
preceding chapter of this volume. 

Of the salts of lead the acetate and carbonate are the most 
useful. ‘The acetate is chiefly employed to procure acetate of 
alumina or acetate of iron by means of double decomposition, 


in order to be employed as mordants. The carbonate under ~ 


the name of white lead is very much used as a paint. The 
chromate of lead forms likewise a very beautiful paint. 


SECT. XXVI. 


SALTS OF TIN. 


TuouaGu several of the salts of tin are of great importance — 


in the art of dyeing, and have been known to manufacturers 
ever since the discovery of the scarlet dye, of which the oxide 
of tin constitutes a necessary ingredient, it is only of late that 
the nature and constitution of these salts have been examined 
with any kind of precision, and that a satisfactory explanation 
has been given of the curious properties which some of them 
possess, and the great changes to which they are liable. For 
the progress which this branch of the science has made, we 
are chiefly indebted to Adet, Pelletier, and Proust. 

Tin, like iron, combines with two doses of oxygen, and 
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forms two distinct oxides, with each of which several of the Chap. H. 
acids are capable of combining ; and those salts which contain 

the metal oxidized to a minimum are extremely ready to ab-« 

sorb oxygen, and to pass into the state of oxygenized salts. 

The salts of tin may be distinguished by the following pro- 
perties : 

1. Most of them are more or less soluble in water, and the characters. 
solution has usually a yellowish or brownish tinge, but is 
sometimes colourless. , 

2. Ferro-chyazate of potash occasions a white precipitate 
when dropped into these solutions. 

3. Hydrosulphuret of potash occasions a brown-black pre- 
cipitate in the salts containing the protoxide of tin; a golden 
yellow precipitate in those that contain the peroxide. 

4. Neither gallic acid nor the infusion of nutgalls occasion 
any precipitate. 

5. Corrosive sublimate throws down a black precipitate from 
the salts of tin containing the protoxide, a white preeipitate 
from those that contain the peroxide. | 

6. When a plate of lead is put into some solutions of tin, 
that last metal is separated either in the state of metal, or of 
white oxide: but this does not happen in every solution of tin. 

7. When muriate of gold is poured into solutions contain- 
ing tin combined with a minimum of oxygen, a purple-co- 
loured precipitate falls. 

The salts of tin were formerly distinguished by the epithet 
Jovial, because Jupiter was the name by which the alehymists 
distinguished that metal. 

Sp. 1. Nitrate of tin. Nitric acid acts with amazing eneray 1. Nitrate, 
upon tin, and converts it into ea oxide with the evolution of 
a great deal of heat; but there seems to be but a very feeble 
affinity between that acid and the oxides of tin. Hence the 
union which they form is but of transient duration, the oxides 
separating when any attempt is made to concentrate the solu. 
tion. This has been long known to chemists, and has occa- 
sioned a variety of attempts to make the solution of tin in 
nitric acid more permanent; but these attempts, as might have 
been expected, have not been attended with success, 

When nitric acid of the specific gravity 1°114 is poured Action of 
upon tin, the metal is dissolved rapidly with effervescence and ae 
a great elevation of temperature, which ought to be moderated 
by plunging the vessel containing the mixture in cold water. 

In this case the oxygen is chiefly furnished by the water, and 
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the tin is only combined with a minimum of oxygen. The 


~~ solution, therefore, which is of a yellow colour, is a real mtrate 


No perni- 
trate. 


2. Carbone 
ate. 


of tin. It becomes gradually opaque, and deposits a white 
powder, which is an oxide of tin with a minimum of oxygen, 
as Proust has demonstrated. This oxide separates in great 
abundance if the solution be heated. During the solution of 
the tin a quantity of ammonia is formed. When potash 1s 
dropped into the liquid, this ammonia becomes sensible by its 
odour. Hence we see that, during the solution, both water 
and nitric acid have been decomposed; their oxygen combined 
with the tin, and the hydrogen of the one uniting with the 
azote of the other, formed ammonia. If a little nitric acid be 
poured in and heat applied, the tin precipitates in the state of a 
peroxide.* 

When nitric acid, of the specific gravity 1°25, is poured 
upon tin, a very violent action takes place, the metal is oxi- 
dized to a maximum, and the whole of it separates from the 
liquid. Hence we see that there is no pernitrate of tin; the 
peroxide of that metal, not being susceptible of entering into 
combination with nitric acid. When the liquid is evaporated, 
nitrate of ammonia is obtained. Morveau found, that 1 part 
of strong nitric acid and 14 part of tin, when treated in a re- 
tort, gave out no gas, notwithstanding the violence of their 
action. Upon examining the liquid, he found that the am- 
monia formed amounted to ;/,th of the weight of the whole.t 
Hence we see that during the oxidation, both the acid and the 
water are decomposed; and that they are decomposed in such 
proportions, that their hydrogen and azote combine, and form 
ammonia, while the whole of their oxygen unites with the 
tin. 

Sp. 2. Carbonate of tin. As far as is known at present, the 
oxides of tin do not combine with carbonic acid. Bergman 
failed in his endeavours to form this combination ; and when 
the oxides of tin are precipitated from their solution in acids 
by alkaline carbonates, he found that their weight receives 
scarcely a perceptible increase.{ Nor have the attempts of 
Proust to combine these bodies with carbonic acid been at- 
tended with more success.§ : 

Sp. 3. Borate of tin. Boracic acid does not attack tin; but 
borax produces a precipitate in the muriate of tin. The white 


* Proust, Jour. de Phys. li. 173. ¢t Encyc. Method. Chim. 1. 632,- 


t Opusce. 11. 329. § Jour. de Phys. li. 167. 
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powder which falls is insoluble in water: ina strong heat it Chap. 1. 
melts into an opaque slag.* 

Sp. 4. Phosphate of tin. Phosphoric acid has scarcely any 4. Phos- 
action on tin unless when it is exposed dry and mixed with ?"** 
that metal to the action of a strong heat. In that case, part 
of the acid is decomposed, its phosphorus combines with one 
portion of the tin and forms a phosphuret, while the oxide of 
tin unites with the undecomposed acid and forms a phosphate.+ 
This salt precipitates also when the alkaline phosphates are 
mixed with a solution of muriate of tin; and it may be formed 
by digesting oxide of tin in phosphoric acid. It is insoluble 
in water. Tin does not precipitate copper from muriatic acid. 
Phosphate of tin melts into a glass when heated.t 

Sp. 5. Sulphate of tin. When a cylinder of tin is plunged 5, sutphate. 

into sulphuric acid, scarcely any action can be perceived for 
some time; but the metal is gradually converted into white 
flakes on the surface, which fall to the bottom, and remain in 
the state of a white powder; at the same time bubbles of sul- 
phurous acid make their escape. The properties of the com- 
pounds which this acid forms with tin have not been examined 
with accuracy. Kunkel, Wallerius, and Monnet, the che- 
mists who have paid the greatest attention to the action of 
sulphuric acid on tin, attempted the solution by means of heat. 
In that case the acid is decomposed, sulphurous acid exhaled, 
and even sulphur developed, if the heat be long enough con- 
tinued. The metal is oxidized to a maximum, and the persul- 
phate obtained is not crystallizable; but when evaporated as- 
sumes the form of a jelly; and when water is poured into the 
solution, the salt precipitates in the state of a white powder. 

But if the action of the acid is not assisted by heat, or if tin 

combined with a minimum of oxygen be dissolved in sulphu- 
ric acid in either of these cases a sulphate of tin is formed, 
which yields, when evaporated, crystals in the form of fine 
needles, as was observed long ago by Monnet. The simplest 
method of obtaining this salt is that which was pointed out by 
Berthollet, junior. Pour sulphuric acid into muriate of tin; 
a white powder falls, which is the sulphate. It dissolves in 
water, and forms by evaporation small prismatic crystals. Al- 
kalies decompose it imperfectly throwing down a subsulphate 
of tin.§ 


* Wenzel’s Verwandtschaft, p. 252. 
+ Pelletier, Ann. de Chim. xiii. 16. { Wenzel’s Verwandtschaft, p. 175 
§ Statique Chimique, ii. 464. 
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Sp. 6. Sulphite of tin. 'The action of sulphurous acid upon 
tin was examined by Fourcroy and Vauquelin, during their 
experiments on the combinations which that acid is capable of 
forming. When a plate of tin is plunged into liquid sulphur- 
ous acid, it assumes a yellow colour, and afterwards becomes 
black. A black powder is precipitated, which is sulphuret of 
tin. A portion of the acid is decomposed; the tin is partly 
oxidized, and combined with the remainder of the acid, and 
partly precipitated in the state of sulphuret combined with the 
sulphur of the decomposed acid. There remains in solution 
hyposulphite cf tin; for sulphur precipitates when sulphuric 
acid is added to the solution.* 

Sp. 7. Hyposulphite of tin. Muriate of tin occasions no 
precipitate in the solution of an alkaline hyposulphite. Hence 
the hyposulphite of tin must be a soluble salt.+ 

Sp. 8. Seleniate of tin. The perseleniate of tin is a white 
powder insoluble in water, but soluble in muriatic acid, from 
which it is precipitated by water. Heat decomposes it. 

Sp. 9. Arseniate of tin. When tin is treated with arsenic 
acid in a digesting heat, it is slowly oxidized at the expense of 
the acid, and the solution at last assumes the form of a gelati- 
nous mass. Arsenic acid precipitates tin from acetic acid, and 
the alkaline arseniates occasion a precipitate when poured into 
muriate of tin. The precipitate is arseniate of tin in the form 
of an insoluble powder, which hitherto has not been examined.§ 

Sp. 10. Acetate of tin. Acetic acid attacks tin very slowly, 
even when assisted by heat, and oxidizes and dissolves only a 
small portion of it. The spontaneous action of this acid on 
tin vessels, when in the state of vinegar, has been lately exa- 
mined by Vauquelin. The subject was of importance, because 
vinegar is usually measured out in tin vessels. Now, as these 
vessels contain always a little lead, and as the salts of lead are 
all poisonous, it was of consequence to determine whether the 
vinegar acted on the vessel, and if it did, whether its action 
was confined to the tin or extended also to the lead; because 
in this last case the vinegar would be converted into a poison. 
The result of this investigation was, that a small portion of tin 
was dissolved ; and that when the lead exceeded the sixth part 
of the tin, a small portion of it was also dissolved at that part. 


* Fourcroy, vi. 30. + Herschell, Edin. Phil, Jour. 1. 24. 
{ Berzelius, Ann. de Chim. et de Phys. ix. 341. 
€ Scheele, 1. 180. 
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of the vessel only which was in contact both with the vinegar 
and the air.* 

When acetic acid is boiled upon tin, the metal is gradually 
dissolved, combining with oxygen at the expense of the water. 
The solution has a whitish colour, and yields by evaporation 
small crystals. ‘This fact, first mentioned by Lemery, had been 
denied by Monnet, Westendorf, and Wenzel, who could only 
obtain from it a gummy mass. But Morveau established the 
truth of Lemery’s observation, by crystallizing acetate of tin 
by spontaneous evaporation.+ It is easy to account for the 
different results obtained by these chemists. The crystals 
were, no doubt, acetate of tin, the gummy mass peracetate of 
tin. The simplest method of cbtaining the acetate of tin is to 
mix together the solutions of muriate of tin and acetate of lead. 

Sp. 11. Benzoate of tin. Neither tin nor its oxide is soluble 
in benzoic acid; but when benzoate of potash is poured into 
a solution of tin in nitro-muriatic acid, benzoate of tin preci- 
pitates. It is soluble in water by the assistance of heat, but 
insoluble in alcohol, and decomposed by the action of heat.+ 

Sp. 12. Succinate of tin. Succinic acid dissolves the oxide 
of tin when assisted by heat. The solution by evaporation 
yields thin, broad, transparent crystals.§ Neither lead, iron, 
nor zinc, occasion any change in the solution of this salt. || 

Sp. 13. Oxalate of tin. Oxalic acid attacks tin when assisted 
by heat. The metal is first blackened, and is then covered 
with awhite crust of oxide. The solution, which has an austere 
taste, by slow evaporation yields prismatic crystals; but when 
evaporated rapidly by means of a strong heat, it leaves a mass 
resembling horn.** 

Sp. 14. Tartraie of tin. The tartrate of tin has never been 
examined by chemists. ‘The acid does not attack the metal, 
but it dissolves the oxide of tin. 

Sp. 15. Tarirate of potash-and-tin. ‘This triple salt may be 
formed by boiling together tartar and the oxide of tin in water. 
It is very soluble, and therefore its solution crystallizes with 
difficulty. No precipitate is produced in it by the alkalies or 
their carbonates.++ 

Sp. 16. Nitrate of ammonia-and-tin. ‘The peroxide of tin 


* Ann. de Chim. xxxii. 243. + Encycl. Method. Chim, 1. 23. 
} Trommsdorf, Ann. de Chim. xi. 315. 
§ Wenzel’s Verwandtschaft, p. 241. 


| Ibid. p. 252. ** Bergman, 1, 269, 
tt Thenard, Ann. de Chim. xxxviii, 35, 
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is insoluble in nitric acid, but it dissolves when treated with ni- 
tric acid and ammonia. Hence the reason why a salt contain- 
ing tin is often procured by the action of nitric acid on tin. 
Nitrate of ammonia is formed during the process.* 


ee 


SECT. XXVII. 
SALTS OF COPPER. 


THESE salts, in consequence of the facility with which cop- 
per absorbs oxygen, are in general more easily formed, and of 
course may be more readily examined than several of the other 
genera. Hence no doubt the reason that some of them have 
been so long and so generally employed. ‘The alchymists and 
the earlier chemists distinguished them by the names of salts 
of Venus, because Venus was the term which they gave to 
copper. 

The cupreous salts may be distinguished by the following 
properties : 

1. ‘They are almost all soluble in water, or at least become 
so by the addition of an acid. This solution has either a blue 
or a green colour, or it acquires that colour after being for 
some time exposed to the air. 

2. When ammonia is poured into this solution, it assumes a 


_deep-blue colour. 


1. Nitrate. 


Froperties, 


3. Ferrochyazate of potash occasions a red coloured preci- 
pitate when poured into a cupreous solution. 

4. Hydrosulphuret of potash occasions a black precipitate, 

5. Gallic acid occasions a brown precipitate. 

6. A plate of iron, when plunged into a liquid salt of cop- 
per, precipitates the copper in a metallic state. 

Almost all the acids, as far as is known, combine only with 
copper oxidized to a maximum; so that, strictly speaking, all 
the salts of copper are persalts. 

Sp. 1. Nitrate of copper. Nitric acid attacks copper with 
considerable violence; nitrous gas is emitted in great purity, 
while the metal is oxidized and dissolved. ‘The solution is of 
a fine blue colour; and when slowly evaporated yields regular 
crystals of nitrate of copper. 

These crystals are long parallelopipeds. Their specific gra- 
vity is 2:174.+ They hae a fine blue colour; their taste is 


* Thenard, Ann. de Chim. xlt. 218. 
+ Hassenfratz, Ann. de Chim. xxviii. 12, 
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acrid and metallic ; and they are exceedingly caustic, corroding 
the skin with great energy. They are very soluble in water 5 
and when exposed to the air, gradually attract moisture, and 
deliquesce. Ata heat not exceeding 100° they undergo the 
watery fusion; and if the heat be increased, they lose their 
water and part of their acid. On burning coals they detonate 
feebly. These crystals detonate also when mixed with phos- 
phorus and struck with a hammer, as Brugnatelli first observed. 
When a quantity of them, moistened with water, is wrapt up 
in a sheet of tinfoil, they act with amazing energy upon that 
metal, nitrous gas is emitted, a strong heat is produced, the 
tinfoil is burst open in every direction, and very often it takes 
fire. This curious experiment was first made by Dr. Higgins.* 
The constituents of this salt, according to my analysis, are 


Nitrie acta: (OTE NA. ars 
Peroxide of copper...... 30°95 
My eee, Br UIE 32°00 

100°00 


Subnitrate. When potash is poured into a solution of ni- 
trate of copper, a blue precipitate appears, which soon be- 
comes green by agitation, provided the quantity of potash be 
insufficient to decompose the whole of the nitrate. Mr. Proust 
has proved, that this green precipitate is a subnitrate of cop- 
per. It may be obtained also by distilling nitrate of copper in 
a retort. At a particular period of this process the salt be- 
comes thick, and encrusts the retort in the state of a green la- 
mellar concretion. It is then converted into subnitrate. This 
salt is completely insoluble in water. Sulphuric acid separates 
its acid; and the same separation may be effected also by dis- 
tillation. Berzelius likewise examined this subnitrate which 
he obtained by various processes, but found it always the same. 
Its constituents are as follows : 

: init 4 § 
ASD cccvees. WOoivedt Peres to. cinGnie 
Qaide dia OP, tare 66:0) Aix, ¢ 640 


Watering’... EPO Sate. vi iiders 
100 100°0 100°0 
* Phil. Trans. Ixiii. 137. + Proust, Ann. de Chim. xxxii. 26. 


t Berzelius, Ann, de Chim. Ixxxii. 250. 
§ Theoretical composition, on the supposition that the salt is composed of 
1 atom acid, 2 atoms peroxide, and 4 atoms water. 
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Nitric acid does not seem to combine with protoxide of cop- 


“~~ per. When concentrated, it oxidizes the metal to a maximum, 


#. Nitrite, 


and then dissolves it: when diluted, one part of the metal at- 
tracts oxygen from the other: blue nitrate is formed, and a 
red powder precipitates, which is copper reduced.* 

Sp. 2. Nitrite of copper. This salt may be obtained by mix- 
ing the requisite quantity of nitrite of lead with sulphate of 
copper. Sulphate of lead precipitates and the liquid contains 
in solution nitrite of copper which gives it a green colour. It 
is gradually decomposed when left exposed to the air, and the 
decomposition is very speedy when the liquid is digested in an 


open vessel. When nitrate of copper is digested over metal- 


3. Carbon- 
ate. 


4. Borate. 


lic copper, no nitrite of copper is formed. 

Sp. 3. Carbonate of copper. Carbonic acid does not attack 
copper; but it combines readily with its oxide, or with the hy- 
drate of copper, when that compound is mixed with water, 
and a current of carbonic acid gas made to pass through it. 
Or the carbonate may be formed by precipitating a solution of 
nitrate of copper with a fixed alkaline carbonate.t To give 
the carbonate all its lustre, the solution should be mixed with 
boiling water, and the precipitate should be washed with great 
care, and exposed to the light of the sun. It has then a fine 
apple-green colour, and it is found often native in its greatest 
beauty. The native carbonate is known among mineralogists 
by the name of malachite, blue copper ore, and anhydrous car- 
bonate, according as it is combined with 1 or 2 atoms of water, 
or destitute of water. It is insoluble in water, and is converted 
to black oxide of copper by the action of heat. The anhy- 
drous carbonate, by my analysis, is a compound of 


Carbonie'adid 02/2 o75 2 | S00 "2 aks 
Peroxide of copper.. 10°00 ..., 363°6 .... 78°42 


100°00 
Sp. 4. Borate of copper, When borax is poured into a so- 
lution of sulphate of copper, borate of copper is precipitated 
in the form of a pale light-green jelly, which when dried is 
with great difficulty soluble in water. It easily melts into a 
dark-red vitreous substance.§° According to Palm, by long 

* Jour. de Phys. li. 182. + Berzelius, Ann. de Chim. Ixxxiii. 31. 

} Mr. Chenevix has shown that the alkaline carbonates have the property 
of dissolving a portion of the oxide of copper, and of forming with it a 
triple salt. 

§ Bergman, 


See 
A 
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trituration of filings of copper and boracic acid in water, and chap. 1. 
then digesting the mixture, it dissclves, and crystals may be 
obtained from it. 

Sp. 5. Szlicate of copper. The mineral called by the Ger- 5. siicate. 
mans emerald copper ore, and by the French dioptase, is a hy- 
drous trisilicate of copper, if we consider the analysis of it by 
Lowitz as correct. He found its constituents 


PENA, ne dates a0 a na sie Agee Mess 
Peroxide of copper........ 55 
ECE. aren ear eatery 

100 


If we suppose it a compound of 3 atoms of silica, 1 atom of 
peroxide, and 2 atoms of water, its constituents will be 


Sites ide Screened il ost tig 32°88 


Vero widey sacl aireiiieiats sia DATO 
NW ALON: sind ils Lotte eed 1283 


100°00 


Now these numbers almost coincide with the analysis of Lo- 
witz, and fully confirm it. 

Sp. 6. Phosphate of copper. Phosphoric acid does not at- 6. Phos- 
tack copper immediately; but when allowed to remain long a 
upon that metal oxidation at length takes place, and the phos- 
phate of copper is formed. ‘This salt may be obtained with 
great facility by pouring phosphate of soda into a solution of 
nitrate of copper. A bluish-green powder immediately pre- 
cipitates, which is phosphate of copper. ‘This salt is insoluble 
in water. Its specific gravity, according to Hassenfratz, is 
1:4158.* When exposed to a red heat, it loses its water, and 
acquires a brown colour. When violently heated, phosphur- 
etted copper comes over. According to the analysis of Mr. 
Chenevix, it is composed of / 


Brown oxide 49°5 


; Sant OLD 
eS ora khydrate of copper 


ea diced 4 ee atte Mie trae 8 vivn. amo 
Water Be et ie tea : NE i ae ps ad aot nae 3°5 
100:0F 


* Ann. de Chim. xxviii. 12. + Phil, Trans. 1801, p. 206. 
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I have obtained a biphosphate of copper by the process above 
described. When nitrate of copper was mixed with phosphate 
of ammonia the precipitate obtained was a sub-phosphate of 
copper, composed of 1 atom acid and 2 atoms oxide. I have 
not yet succeeded in obtaining a neutral phosphate of copper, 
though I am persuaded that such a salt may be formed. 

Sp. 7. Sulphate of copper. Sulphuric acid does not attack 
copper while cold; but at a boiling heat part of the acid is 
decomposed, the copper is oxidized, and combines with the 
remainder of the acid. But recourse is seldom had to this 
process, as the sulphate of copper is found native abundantly, 
dissolved in mineral waters connected with copper mines. 
From these waters it 1s often obtained by evaporation: or it is 
formed by burning native sulphuret of copper, or by moistening 
that substance and exposing it to the air. By either of these 
methods the sulphur is acidified, and the sulphate of copper 
formed. This salt appears to have been known to the ancients. 
In commerce it is distinguished by the name of blue vitriol, 
and sometimes by that of blue copperas. It is in fact a persul- 
phate. There are three subspecies of this salt known, namely, 
bisulphate, sulphate, and subsulphate. 

1. Busulphate. ‘This is the subspecies which occurs in com- 
merce, and which is formed by the usual processes. It renders 
vegetable blues red, and therefore contains an excess of acid. 
It has a deep blue colour. ‘The primitive form of its crystals, 
according to Hauy, is an oblique parallelopiped, whose sides 
are inclined to each other at angles of 124° 1’ and 55° 59’; 
and whose base makes, with one of the sides, an angle of 109° 
21’, and with the opposite side an angle of 70° 39’. It some- 
times passes into the octahedron and decahedron, and the 
edges at the bases are often truncated. It refracts doubly.* 

It has a strong styptic metallic state, and indeed is employed 
asa caustic. Its specific gravity is 2°1943.+ It is soluble in 
about four parts of water at the temperature of 60°, and in 1°6 
parts of water at the temperature of 144°.[ When exposed 
to the air, it undergoes a very slight efflorescence, and its sur- 
face is covered with a greenish white powder. When heated, 


* Prieur, Ann. de Chim. lxvi. 188. 

+ Hassenfraz, Ann. de Chim. xxvill. 12. According to Dr. Watson, 2°230 
(Chemical Essays, v. 69.) 

{ Wenzel’s Verwandtschaft, p. 309. 
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it loses its water, and is converted into a bluish white powder: Chap. 1. 
if the heat be increased, the acid is driven off, and the black mel 
oxide of copper remains behind. The constituents of this salt 

are as follows : 


; t t 
Aid... . 2 Prats cas OOO 40.0 32 
Cea Oe, aes DSS Seve 
Water! asc a 85 (0). 86300 03680186 


aeweipewwene i 


100 100°00 100 


This salt is decomposed by the alkalies and earths, the al- 
kaline carbonates, borates, and phosphates, and by those me- 
tallic salts whose base forms with sulphuric acid a salt nearly 
insoluble, as the salts of lead. | 

It seems to have the property of forming a quadruple salt 
with muriate of ammonia. When equal parts of the two salts 
dissolved in water are mixed together, the solution has a yel- 
low colour while warm, but becomes green on cooling. This 
solution forms a sympathetic ink. Lines drawn with it on pa- 
per are invisible while cold ; but when the paper is heated they 
assume a yeliow colour, which disappears again when the pa- 
per cools.§ 

2. Sulphate. ‘This salt possesses nearly the properties of 
the first variety, but it crystallizes in four-sided pyramids se- 
parated by quadrangular prisms. || It may be obtained by sa- 
turating the excess of acid in the supersulphate with the oxide 
of copper. 

3. Subsulphate. When a smal] quantity of pure potash is 
poured into a solution of sulphate of copper, a green-coloured 
powder appears, which swims in the solution, It may be se- 
parated by filtration ; and when sufficiently edulcorated is in- 
soluble in water. ‘This powder was first examined by Mr. 
Proust. He has ascertained it to be a subsulphate of copper. 
Its constituents are 


* Proust, Ann. de Chim. xxxii. 33. 
+ Berzelius, Ann. de Chim. Ixxxii. 121. 
{ Theoretical composition, on the supposition that it is composed of 2 
atoms acid, 1 atom oxide, and 10 atoms water. 
§ Gillet Laumont, Phil. Mag. xiv. 76. 
|| Leblanc, Jour. de Phys. lv. 301. 
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100 100°00 100°00 


The experiments of Proust render it probable that sulphuric 
acid does not combine with the protoxide of copper ; for when 
that acid is poured upon this oxide, one part of the metal at- 
tracts oxygen from the other. The consequence is, the for- 
mation of blue sulphate of copper, and the precipitation of a 
red powder, which is copper reduced. 

Sp. 8. Sulphite of copper. Sulphurous acid combines only 
with the protoxide of copper, the peroxide having the pro- 
perty of converting it into sulphuric acid. Sulphite of copper 
may be formed by passing a current of sulphurous acid gas 
through water containing peroxide of copper mixed with it. 
The peroxide is gradually converted into protoxide, by giving 
out one half of its oxygen to a portion of the sulphurous acid, 
which it converts into sulphuric. The sulphite of copper re- 
mains in the state of small red crystals while the sulphate dis- 
solves in the water. This salt may be obtained also by mix- 
ing a solution of sulphate of potash with a solution of nitrate 
of copper, and washing the yellow precipitate that falls till it 
becomes red. Sulphite of copper is in the state of small red 
crystals. It is insoluble in cold water; but when long boiled 
in water, the whole of its acid is separated and nothing re- 
mains but protoxide of copper. When heated it gives out 
water, sulphurous acid, a little sulphur, and some sulphate of 
copper is formed. Potash and soda readily deprive it of its 
acid. Chlorine and nitric acid convert it into sulphate of cop- 
per. According to Chevreul, to whom we are indebted for 
the whole of the preceding facts, this salt is composed of 


* Proust, Ann. de Chim. xxxii. 34. 

+ Berzelius, Ann, de Chim. Ixxxii. 240. 

{ Theoretical composition, on the supposition that the salt is composed of 
1 atom acid, and 13 atom oxide, and 3 atoms water; or of 2 atoms aeid, 3 
atoms oxide, and 6 atoms water. 


§ Jour. de Phys. li, 182. 
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Sulphurous acid...... 32°18 .... 86°16 
Protoxide of copper .. 56°82 .... 63°84 
NEG | Sees eras we LEO 


100:00* 100°00 
If we suppose this salt a compound of 1 atom acid + 1 
atom protoxide, its composition would be 


a Bin G8 ui veal PN ek » 30°76 
Oxide ae We weir a. | 69°24 
100°00 


Numbers which do not correspond well with those of Chey- 
reul, and therefore render the accuracy of his analysis sus- 
picious. 

Sp. 9. Sulphite of copper-and-potash. When sulphite of pot- 
ash is poured into nitrate of copper, a yellow flocky precipi- 
tate falls, which gradually diminishes in bulk and assumes the 
form of small crystals. These crystals are partly red and 
parily lemon yellow. The red crystals are sulphite of copper ; 
the yellow are a triple salt, composed of sulphite of copper and 
sulphite of potash united together. According to Chevreul,t 
they are composed of 


Sulphite of copper ...... 73°25 
Sulphite of potash ...... 12°68 


Sp. 10. -Ammonio-sulphate of copper. From the experiments 
of Berzelius, it appears, that this triple salt is a compound ox 
1 atom sulphate of ammonia and 1 atom of sulphate of cop- 
per, each retaining its water of crystallization.t Hence the 
constituents are, 


Sulphate of ammonia.... 7°125 
Bisulphate of copper ....20°000 
WW SLOT). wah Sieh Great vee o L4°625 


41°750 
So that the weight of an integrant particle of this salt is no 
less than 41°75. 

Sp. 11. Swbsulphate of ammonia-and-copper. ‘This is the 
substance known by the name of cuprum ammoniacum. Ber- 
zelius prepared it by pouring ammonia into a concentrated so- 
lution of bisulphate of copper, and then precipitating the blue 


* Ann. de Chim, Ixxxii. 181. + Ibid. 200. { Ibid. Ixxxi, 257. 


637 


Chap. IL. 


638 


Book IT. ° 
Division Lf. 


SALTS, ~ 


liquor by means of alcohol. The precipitate was washed with 
alcohol and then dried. Berzelius found its constituents as 
follows: 


Sulphuric acid... ........ 32°25 

Peroxide of copper...... 34°00 

AMMONIG+<.««. ts te Hae. 26°40 

W ater wi ides ato Stale egies 7°35 
100:00* 


Now if we consider it as a compound of 2 atoms acid, 1 
atom peroxide, 4 atoms ammonia, and 2 atoms water, its com- 


position will be 


Sulphuric acid.... 32°52 


Peroxide’... tn 3252 
AMMONIA. ..9 22 2764 
WV ater. sto 7°32 

100°00 


It must be acknowledged that this is a very singular com- 
pound. A great part of the ammonia which it contains must 
be very loosely combined. 

Sp. 12. Sulphate of potash-and-copper. When bisulphate of 
potash is digested upon carbonate or peroxide of copper, a 
green coloured solution is obtained, which yields when suffi- 
ciently concentrated by evaporation crystals of a triple salt 
composed of sulphate of potash united to sulphate of copper. 
These crystals have a greenish blue colour. They are oblique 
parallelopipedons, pretty flat, their bases being rhombs and 
much larger than their sides. Some of the angles and edges 
are frequently truncated. When held between the eye and the. 
light, two diagonals may be observed crossing the crystal, and 
of rather a lighter colour than the rest of the crystal. This 
salt is soluble in water and may be obtained again in crystals 
unaltered. It suffers no change by exposure to the air. Ac- 
cording to the analysis of Vogel of Bayreuth, to whom we are 
indebted for our knowledge of this salt, its constituents are 


PUIEUTIC. BCUd- Oe as. 36075 
0 ae eee cine y= 2 OG 
Peroxide of copper 18-000 
TV CNCE Gey a5 wis satis 24°500 
100-000 + 


* Ann. de Chim. Ixxxii. 263. t Schweigger’s Journal, vii. 40. 
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Now, if we suppose it a compound of 4 atoms acid, 2 atoms Chap. TI. 


potash, 1 atom peroxide of copper, and 12 atoms water, its 
constituents will be 


Salpnuricsacia .. 5... « < 36°036 
sgl mewn iyi Be SiParieetnn! 21-621 
Peroxide of egpper’ ss... « 18°018 
Oe ck late tee 4a wee ttn S 24°325 

100°000 


Now these numbers almost coincide with the analysis of 


Vogel. ‘There can be no doubt therefore, that this triple salt 


is a compound of 2 atoms of sulphate of potash, 1 atom of 


bisulphate of copper, and 12 atoms water. 

Sp. 13. Hyposulphite of copper. This salt may be formed 
by digesting hyposulphite of lime on carbonate of copper, or 
by mixing sulphate of copper with hyposulphite of lime, pot- 
ash, &c. It is colourless, of an intensely sweet taste, followed 
by a mawkish sweetness like liquorice root, but with no me- 
tallic flavour. It is not decomposed, nor turned blue by am- 
monia. It is a protohyposulphite of copper.* 

Sp. 14. Seleniate of copper. Of this salt there are three 
subspecies known. 

(1.) Protoseleniate. It is a white insoluble powder obtained 
by digesting protoxide of copper in selenic acid. 

(2.) Perseleniate. When a hot solution of sulphate of cop- 
per is mixed with biseleniate of ammonia, a yellow precipitate 
falls in very bulky flocks. ‘This precipitate rapidly diminishes 
in volume, and is converted into very brilliant small silky crys- 
tals of a greenish-blue colour. These crystals consist of neu- 
tral perseleniate. This salt is neither soluble in water, nor in 
selenic acid. When heated the water of crystallization escapes 
and the salt becomes liver-brown. At a higher temperature 
it melts and becomes black. It then begins to boil, gradually 
allows its acid to escape, and at last nothing remains but per- 
oxide of copper. 

(3.) Subperseleniate. It is obtained by precipitating sul- 
phate of copper by subseleniate of ammonia. It is an in- 
soluble pistachio-green powder, but soluble in ammonia. 
When heated it becomes black and allows its water to escape. 
Then it swells up and its acid is disengaged.t 


* Tlerschell, Edin. Phil. Jour. 1. 24. 
+ Berzelius, Ann. de Chim. et de Phys. ix. p. 340. 
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Sp. 15. Arseniate of copper. When arsenic acid is digested 
on copper, the metal is oxidized and dissolved, and a bluish- 
white powder is formed, which consists of the arseniate of cop- 
per. ‘This salt may be formed also by pouring arsenic acid 
into acetate of copper, or by precipitating nitrate of copper 
by means of an alkaline arseniate.* 

Arseniate of copper has been found native in considerable 
quantities in the mine of Huel Garland, in the parish of 
Gwennap in Cornwall ; and a very interesting description and 
analysis of it have been published by the Count de Bournon 
and Mr. Chenevix in the Philosophical Transactions for 1801. 
From the experiments and observations of these celebrated 
philosophers, it appears that there are no less than five va- 
rieties of arseniated copper, differing from each other in the 
proportion of oxide, acid, and water, which they contain. 
In general they are insoluble in water, if we except one va- 
riety, which seems to be a superarseniate, and which hitherto 
has not been found native. Their colour varies from a deep- 
blue to green, and even to brown, yellow, and black. This 
variation seems to depend upon the proportion of water which 
they contain, the blue and the green containing most, and the 
brown least water. 

Variety 1. Obtuse octahedral arseniate. This variety is 
crystallized in obtuse octahedrons, composed of two four-sided 
pyramids applied base to base, the faces of which are isosceles 
triangles; and two of them which are opposite are more in- 
clined than the others. These meet at the apex at an angle 
of 130°, and at the base at an angle of 50°. The pyramids 
often terminate in ridges. These crystals are commonly a 
deep sky-blue, and sometimes a fine grass-green. ‘Their 
specific gravity is 2881.+ They are composed, according 
to the analysis of Chenevix, of 


14°3 acid 
50°0 brown oxide 
35°7 water 


100°0 


Variety 2. Hexahedral arseniate. This variety is commonly 
found in very fine six-sided laminze, and is divisible into thin 
scales like mica. It is of a deep emerald-green colour; and 
its specific gravity is 2°548.t It is composed of 


* Scheele, i. 175. ¢ Bournon. t Ibid. 
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43 acid \ ‘Chap. IL 
39 oxide ee 
18 water 

100 * 


This variety precipitates in the form of very small blue 
crystals when arseniate of ammonia is poured into nitrate of 
copper. 

Variety 3. Acute octahedral arseniate. This variety is com- 
posed of two four-sided pyramids applied base to base; two of 
the faces, which are more inclined, meet at the apex at an 
angle of 84°, and at the base at one of 96°. The other two 
form at the apex and base angles of 68° and 112°. The apex 
of the pyramids is often a ridge. Very frequently it assumes 
the form of a rhomboidal prism, terminated by dihedral sum- 
mits, and in many cases the angles of 96° are truncated. Its 
usual colour is brown or dark bottle-green. Its specific gra- 
vity is 4°280.f It is composed of 

29 acid 
50 oxide 
21 water 


— <= 


100 


But sometimes it is destitute of water altogether.§ 

Variety 4. Trihedral arseniate. The primitive form of this 
variety is a trihedral prism, whose bases are equilateral tri- 
angles ; but it occurs crystallized in a great variety of figures, 
which have been described with great accuracy by the Count 
de Bournon. They are usually of a fine bluish-green colour, 
and of the same specific gravity as the last species. When 
opaque they are sometimes nearly black. They are composed, 
according to the analysis of Chenevix, of 


30 acid 
54 oxide 
16 water 


eee 


100 


Variety 5. Superarseniate. This salt has not been found 
native; but it has been formed by Mr. Chenevix by the fol- 
lowing process: Arseniate of ammonia was poured into the 

* Vauquelin, Jour. de Men. x. 562. + Chenevix. 
{ Bournon. § Chenevix. 
VOL. YI. 2T 
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nitrate of copper, and occasioned a precipitate, which was the 
second variety described above. ‘The solution, which re- 
tained its blue colour, was partially evaporated, and then 
alcohol was poured into it. Another precipitation took place, 
and increased considerably on allowing the solution to stand. 
This precipitate consisted of rhomboidal crystals of a blue 
colour.* They were composed of 


40°1 acid 
35°5 oxide 
24°4. water 


100°0 
Perhaps a more precise idea may be formed of the composition 
of these varieties from the.following table, which exhibits the 
proportion of oxide and water combined in each with 1:00 of 
acid, according to the analysis of Chenevix: 


Acid. Oxide. Water. 
Variety 1st, 1:00 3°70 2°50 
2d, 1°00 2° 1G 1:00 
3d, 1:00 1°72 0°70 
ath, 100 1°80 0°53 
5th, 1°00 0°88 0°60 + 


I think it probable that these 5 varieties may be reduced 
under 4 subspecies, as follows : 

Variety 3d and 4th, consist of subarseniate of copper com- 
posed of 1 atom acid + 24 atoms peroxide. 

Variety 5, is an arseniate composed of 1 atom acid + 1 atom 
peroxide + 8 atoms water. 

Variety 2d, is a subarseniate composed of 1 atom acid + 14 
atoms peroxide + 6 atoms water. 

Variety 1st, is a subarseniate composed of 1 atom acid + 5 
atoms peroxide. 

Sp. 16. Arsenite of copper. Arsenious acid forms with 
peroxide of copper an arsenite, usually distinguished by the 
name of Scheele’s green, because Mr. Scheele first examined 
it, and proposed it as a paint. It may be formed by dissolv- 


ing two parts of sulphate of copper in 44 parts of water, and 


likewise two parts of potash of commerce and nearly one part 
of the white oxide of arsenic pulverised in 44 parts of water 


* Phil. Trans. 1801, p. 207. 
+ See Haiiy’s remark on this analysis, Jour. de Min. xi, 425, 


6 


SALTS OF COPPER. 643. 


_ by the assistance of heat. The solution of copper is gradually chap. 1. 
added while hot to the arsenite of potash, aud the whole is 

often stirred during the mixture. The mixture, on standing, 
gradually deposites the arsenite of copper in the form of a 

fine green powder. It is to be washed well with water and 

then dried.* 

Sp. 17. Antimoniate of copper. Antimoniate of potash when 1% Anti- 
dropped into sulphate of copper occasions a precipitate of an- . 
timoniate of copper. It is a bulky green precipitate quite in- 
soluble in water. When heated it loses 19 per cent. of water. 
Before the blow-pipe on charcoal it is reduced with a lively 
deflagration, leaving a metallic button composed of copper 
alloyed with antimony.t 

Sp. 18. Antimonite of copper. ‘This salt may be prepared 
in the same way as the preceding species, which it resembles 
in its colour and insolubility in water. A subantimonite of 
potash precipitates a subantimonite of copper, which resembles 
. arsenite of copper in its appearance.t 

Sp. 19. Chromate of copper. This salt may be formed by 19. chro- 
mixing together solutions of chromate of potash, and sulphate ™* 
of copper. A precipitate falls, at first yellowish-brown, but 
bistre brown when dried.§ 

Sp. 20. Molybdate of copper. Molybdic acid throws down 
a green precipitate from nitrate of copper. || 

Sp. 21. Tungstate of copper. Tungstic acid: and its com- 
pounds occasion a white precipitate when poured into the 
salts of copper.** 

Sp. 22. Acetate of copper. Acetic acid attacks copper very 22. Ace- 
slowly in open vessels, converts it into an oxide, and dissolves ‘** 
it: but in close vessels no action takes place. This acid 
readily combines with the oxide of copper, and forms with it 
an acetate. ‘This salt was known to the ancients, and various 
ways of preparing it are described by Pliny.}+ It is usually 
obtained by exposing plates of copper to the action of vinegar 
till they are converted to a bluish-green powder called verdi- 
gris, and then dissolving this powder in acetic acid, and 
crystallizing it. 

Acetate of copper crystallizes in four-sided truncated pyra- properties. 


* Scheele, 1. 261. + Berzelius, Nicholson’s Jour. xxxv. 43. 
{ Ibid. p. 45. § Vauquelin, Ann. de Chim. lxx, 70, 
|| Hatchett. ** Scheele. 
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Boku, mids, It has a beautiful bluish-green colour. Its specific 
Ursin le gravity is 1°779.* Its taste is disagreeably metallic, and, like 
all the compounds into which copper enters, it is poisonous. 
It is sparingly soluble in cold water. When that liquid is 
boiled upon the salt, it takes up, according to Wenzel, 1th of 
its weight of it. Alcohol likewise dissolves it. When ex- 
posed to the air, it effloresces. By distillation it gives out 
acetic acid. Proust first remarked that acetous acid and ace- 
tic acid form the same salt with copper; and hence concluded 
that there is no difference between the two acids.~ When 
sulphuretted hydrogen gas is made to pass through a solution 
of this salt in water, the copper is deoxidized, and precipitates 
in the state of a black sulphuret, and there remains behind an 
acid which possesses the properties of the acetic.§ 
According to Proust, the acetate of copper is composed of 


61 acid and water 
39 oxide 


—— 


100 


If we suppose it a compound of 1 atom acid, 1 atom oxide, 
and 8 atoms water, its constituents will be 


Acetic abi) IF. . swe byes be oe 25°12 
Peroxidevof copperin sii eigen 39°41 
AVELCE siesh seiko » ha iebsed 

100°00 


I consider these to be its true constituents. 

When verdigris of commerce is put into water, 0°56 parts 
of it are dissolved, and there remains 0°44 parts in the state 
of a fine green powder, which continues long suspended in 
the solution. Mr. Proust has ascertained that this powder is 
a subaceiate of copper. It is decomposed by sulphuric acid, 
by potash, and by distillation. According to the analysis of 
Proust, it is composed of 


37 acid and water 
63 oxide 


ee 


100 


* Hassenfratz, Ann. de Chim. xxviii. 12. 
+ Verwandtschaft, p. 310. 
t Jour. de Phys. Ivi. 211. § Ann. de Chim. xxxui. 36. 
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Thus it appears, from the experiments of this philosopher, | Chap. 1 
that the verdigris of commerce is composed of two different 
acetates of copper; the one soluble in water, the other inso- 
luble.* It is much used as a paint; and crystallized acetate 

of copper is a fr equent ingredient in dyeing compounds. 
Verdigris is formed in great quantities at Montpelier. A 
particular account of the | processes followed in that place me 

been published by Mr. Chaptal.+ 

Sp. 23. Benxoate of copper. Benzoic acid does not act upon 
_ copper, but it combines readily with the oxide of that metal. 
The salt formed is in small crystals of a deep-green colour, 
sparingly soluble in water, and insoluble in alcohol. When 
heated the acid evaporates and leaves the oxide. The alkalies 
and the carbonates of lime and barytes decompose it.} 

Sp. 24. Succinate of copper. Succinic acid igbIves copper 24. Sueci- 
with difficulty, and only when assisted by a long digestion. " 
The solution is green, and yielded Wenzel small green 
crystals, the properties of which bave not been examined. 
From the experiments of the same chemist we learn, that there 
are two varieties of this salt, a swpersuccinate and a subsuccinate. 
He digested 10 grains of carbonate of copper in succinic acid : 
an effervescence took place; one portion was dissolved, but 
another remained at the bottom of the vessel. This portion 
weighed 17 grains. It had lost its carbonic acid, and evidently 
socemned succinic acid. The solutions contained a portion of 
copper, which was not separated by an alkali, but by a hydro- 
sulphuret, and zinc threw it down. § 

Sp. 25. Suberate of copper. Suberic acid gives a green co- 26. Oxalate. 
lour to nitrate of copper, but occasions no precipitate. || 

Sp. 26. Oxalate of copper. Oxalic acid is capable of at- 

tacking copper, and forming with it needle-shaped crystals of 
a green colour, not altered By exposure to the air.** It com- 
Uihes with great facility with its oxide. ‘The oxalate formed 
is in the state of a bluish-green powder, scarcely soluble in 


* In some experiments which I made on verdigris, I obtained 54°3 of 
insoluble matter, which was a compound of 2 parts carbonate of copper, and 
1 part subacetate. No doubt the insoluble portion of verdigris will vary 
much, both in quantity and composition, according to circumstances. 

+ Ann. de Chim. xxv. 305. 

t Trommsdorf, Ann. de Chim. xi. 315. 

§ Wenzel’s Lebre von der Verwandtschaft der Korper. Grindel’s edit. 
p- 242. 

|| Bouillon Lagrange, Ann. de Chim. xxiii, 48. 

** Wenzel, Ann. de Chim, xi. p. 229. 
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water unless with excess of acid. According to Bergman, to 
whom we are indebted for all that is yet known of this salt, 
21 parts of copper require 29 parts of acid to dissolve them, 
Oxalic acid precipitates this salt from liquid sulphate, nitrate, 
muriate, and acetate of copper. * 

The constituents of this salt, supposing it composed of 
1 atom acid + 1 atom peroxide, are as follows: 


Oxalic 601d. 2353597... 3108 
Peroxide of copper...... 68°92 


100°00 


Bergman’s acid contained nearly half its weight of water. 

Sp. 27. Oxalate of potash-and-copper. When binoxalate of 
potash is digested on carbonate of copper, a dark sky-blue 
solution is obtained, which when evaporated deposits crystals 
distinguished by two different forms. Some of them were 
needle-form crystals, which speedily effloresced in the air, 
They consisted chiefly of long slender ‘six-sided prisms. The 
remaining crystals are oblique parallelopipedons with rhom- 
boidal ends much larger than the lateral faces. These crystals 
have a greener colour than the first kind, and are not altered 
by exposure to the atmosphere. From the analysis of Vogel, 
of Bayreuth, it appears that these two species of salt differ 
from each other solely in the proportion of their water of 
crystallization; the first kind containing 8 atoms of water, 
while the second kind contains only 4 atoms. Both contain 
4 atoms of acid, 2 atoms of potash, and 1 atom of peroxide of 
copper. Hence we must consider each as composed of 2 atoms 
of oxalate of potash, united to 1 atom of binoxalate of copper, 
and the first as containing 8 atoms, and the second 4 atoms of 
water. ‘The following is the result of Vogel’s analysis, + 


Ist subspecies. 2d subspecies, 
ORS 8CId cdc ae SO 4G" ee re 
POUASD) ie oss ova bea GOOG yee eau 
Peroxide of copper .. 20°50 ...... 22'5 
Waiter ive cndes We hOEB Ow 4 die 2OD 


Se —— sas ae 


100°00 100°0 


If we suppose their constituents as above stated, they will 
be composed as follows: 


* Bergman, i. 267. t Schweigger’s Jour. ii. 435, 
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Ist subspecies, 2d subspecies. 
Oxalic acid ..ec.0+ 3547 scocee S914 
Potash .. bivees wees 2498 sos gue Hae 
Peraxiden us dessins: sue ae 
Water onciahoceeeneilo to. vosines cores 


100°00 100°00 


Numbers which almost coincide with the results obtained by 
Vogel. 
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Sp. 28. Soda-ovalate of copper. Vogel of Bayreuth pre- os. soda 


pared this salt by saturating binoxalate of potash with soda, 
and pouring a saturated solution of sulphate of copper into 
the liquid. A pulverulent precipitate fell, which was re- 
dissolved by agitation. On evaporating the liquid, the triple 
oxalate of potash and copper first crystallized. Afterwards 
crystals of soda-oxalate of copper were deposited. ‘These 
crystals have a dark sky-blue colour. They are needle-form 
or feather-shaped, and consist of four-sided prisms, some- 
times with all the sides equal, sometimes with two broad and 
two narrow sides. They are not altered by exposure to the 
air, at least they neither effloresce nor deliquesce ; but they 
gradually become green, and then dark-brown, without any 
other apparent alteration; and this change takes place very 
speedily in the sun’s rays. It is insoluble in water without 
decomposition. According to the analysis of Vogel, the 
constituents of this salt are as follows :* 


Oxalic acid ...ceeeeeee 46°48 
Sadasis <saoldale dite voix 4O°OR 
Peroxide of copper.....- 23°50 
Water ....cc.ocees pew kbd 


100°00 


If we consider this salt as a compound of 4 atoms acid, 
2 atoms soda, 1 atom peroxide of copper, and 4 atoms water, 
its constituents will be 


QOxalic acid: srs» oss do's 43°10 
Sosancso2 LOLs otiies 220 DOS 
Peroxide of copper...... 25°29 
Ree. es, valde 2 Une 


100°00 


* Schweigger’s Journal, vil. 21. 
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Numbers which come sufficiently near the results of Vogel’s 
analysis to show that the salt is composed as has been stated. 
This triple salt then may be considered as a compound of 
2 atoms of oxalate of soda, 1 atom of binoxalate of copper, 
and 4 atoms of water. It, therefore, agrees with the second 
subspecies of the preceding salt in its composition. 

Sp. 29. Ammonio-oxalate of copper. OF this salt Vogel of 
Bayreuth has described three subspecies, which it will be re- 
quisite to give an account of separately. 

(1.) Foliated ammonio-oxalate. This salt was obtained by 
mixing together a solution of oxalate of ammonia and oxalate 
of copper, and digesting the mixture. The oxalate of cop- 
per soon dissolved, and, by evaporation, small crystals were 
deposited in the form of rhomboidal plates. These crystals 
constitute the salt in question. They are not altered by ex- 
posure to the atmosphere. They are insoluble in water, but 
are gradually decomposed by that liquid. When heated, 
they give out water, and afterwards ammonia. When sud- 
denly heated, they detonate loudly, and leave oxide of copper. 
The constituents of this salt, according to Vogel, are as follows:* 


Oxalic acid 01) VEPs: ae AT*5 
PUUMTONI seo eee ae 10°5 
Peroxide of copper...... 25°0 
Watery cr’ eee: Oe 17°0 

100°'00 


If we consider it asa compound of 4 atoms acid, 2 atoms 
ammonia, 1 atom peroxide, and 6 atoms water, its constituents 


will be / 
Oxalic acid ...... oeeeene 44°86 


Aintonia's P7572 ries 11°18 
Peroxide of copper...... 26°30 
Watenregeias witless 17°66 

100°00 


This subspecies, therefore, agrees in its constitution with 
the two last described salts. It is composed of 2 atoms of 
oxalate ofammonia, 1 atom of binoxalate of copper, and6atoms 
water. 


(2.) Efforescing ammonio-oxalate. If oxalate of copper be 


* Schweigger’s Journal, vit, 25. 
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put into caustic ammonia and agitated till as much of it be chap. 1. 
dissolved as can be taken up by the cold liquid, and the liquid oo 
be then poured into a flat dish, it gradually deposits dark sky- 

blue crystals, composed of flat six-sided prisms, having two 

broad and four narrow faces. These crystals speedily efflo- 

resce when exposed to the air, and not only water but ammo- 

nia likewise is disengaged from it. The loss which it sustains 

~ by efflorescing is 18 per cent., and it loses no weight even 

when exposed to the heat of boiling water. According to the 
analysis of Vogel, assisted however by some calculation, the 
constituents of this salt are as follows :* 


Cee ACI oe wn eb ee es 36°00 
OREM OUMA, Aa a etek och gees ES 
Peroxide of copper...... 39°00 
NSERC hte eee ee ol | 

100°00 


If we consider it as composed of 2 atoms acid, 2 atoms am- 
monia, 1 atom peroxide, and 2 atoms water, its composition 
will be as follows : 


OUSANIC AGIA secre Os wilde otek 35°35 
AsO U ae. Go. whe sees 16°65 
Peroxidecof copperss.« ~ 4»:- 39°18 
Cee aca: ote ca Soo 8°82 

100°00 


It is, therefore, a subsalt, and must be composed of 1 atom 
of oxalate of copper, 1 atom of suboxalate of ammonia, and 2 
atoms of water. 

(3.) Pulverulent ammonio-oxalate. If a greater quantity of 
oxalate of copper be put into caustic ammonia than the alkali 
is capable of dissolving, the oxalate of copper is gradually 
changed into a sandy powder, very similar in its appearance 
to smalt. This powder is the salt in question. It 1s not al- 
tered by exposure to the air, nor by a heat sufficient to deprive 
the first subspecies of its water of crystallization. When more 
strongly heated, the ammonia is driven off, and the residue 
burns with flame like the two preceding subspecies. Its con- 
stituents, as determined by Vogel by experiments, aided by a 
little calculation, are as follows :+ 


* Schweigger’s Journal, vii. 32. + Ibid. 35. 
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Pevoxide of Rapper ies: isicin both 1 aeet, 40°58 
bE Tana ee Vesa POR mTe Meee Seaeeer es 1:70 


100°00 


The water was probably only mechanically mixed with the 
salt. If we consider it as a compound of 2 atoms acid, 1 atom 
ammonia, and 1 atom peroxide, its composition will be as fol- 


lows: 
Oxalic atid: ijenbaiecdcuststar eleeAerne 


AMICI 33 iis. 36 eB ltig nee Oe eS 
Peroxide of coppers. uidivs «cea s TO 


100:00 


Composi- This subspecies, therefore, is a neutral salt, composed of 1 

ce atom oxalate of ammonia and 1 atom oxalate of copper. It 
may be worth while to give a synoptical view of the constitu- 
tion of these three subspecies. 


Ist subspecies, 2d subspecies. 3d subspecies. 
Oxalicvacidit.. 2.504 atoms... > Qigtemis’.. 2 atone 
Ammonia wie 2 oo Rae a 
Peroxide eoFi.43 49 1 
Water sata Gi BD PO eRe Ss - 
Number of atoms. 13 " 4: 


e@eoee3evsec8s+¢ee€e itr as ee 


Sp. 30. Mellate of copper. Mellitic acid, when dropped into 
acetate of copper, throws down a precipitate of a Spanish 
green colour, but produces no change on muriate of copper.* 

31. Tar- Sp. 31. Tartrate of copper. Tartaric acid has little action on 

jaca copper, but it dissolves the metal at last by the assistance of 
the air, which converts it into an oxide, and the solution shoots 
into dark bluish-green crystals.t When this acid is poured 
into the sulphate or muriate of copper, it precipitates a tar- 
trate of that metal in the form of blue crystals.t 

Sp. 32. Tartrate of potash-and-copper. This salt may be 
formed by boiling together oxide of copper and tartar in water. 
The solution yields by evaporation blue crystals, which have 
a sweetish taste, and contain a great proportion of metal.§ 


* Klaproth’s Beitrage, ili. 132. 
+ Grindel, Wenzel’s Verwandtschaft der Korper, p. 214. 
t Bergman, iti. 456. § Thenard, Ann. de Chim. xxxviii. 36. 
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When tartar and copper, or its oxides, are boiled together, Chap. 1. 
they dissolve; and by evaporating to dryness, a bluish-green prinswick 
powder is obtained, which, according to Leonardi, constitutes sree 
the better kind of the pigment called Brunswick green.* 

Sp. 33. Citrate of copper. Citric acid scarcely acts on cop- 
per; but it dissolves its oxide when assisted by a boiling heat, 
and the solution yields light green crystals.+ 

Sp. 34. Formate of copper. This salt has a greenish-blue 3s. ror- 
colour, and crystallizes in six-sided flat prisms terminated by 
a four-sided pyramid. ‘They effloresce in the air, and become 
covered with a bluish-white powder. Their specific gravity 
is 1°815; 842 parts of cold water dissolve 1 part of these 
crystals. Spirit of wine (containing 86 per cent. of alcohol) 
dissolves =!,th of its weight of this salt, and acquires a light- 
blue colour. When heated, the crystals undergo the watery 
fusion. When the water is evaporated, the salt has a fine 
blue colour, and it does not begin to be decomposed till the 
heat is considerably increased. ‘Then it is speedily decom- 
posed, a liquid passes into the receiver, and metallic copper 
remains behind. One hundred grains of the crystals leave 
28°5 grains of copper.{ Comparing this with the analysis of 
formic acid, by Berzelius, we may conclude that the salt is a 
compound of 2 atoms acid, 1 atom peroxide, and 8 atoms 
water. On that supposition its constituents will be 


POPC CIE Cee ewe ec ass as eeaw Oo Fe 
Peroxide of copper......... it sigh co a 
Ve he alee a aime sie © ple ne 84 suse LL Od 


100°00 


Sp. 35. Saclactate of copper. Sulphate of copper is not pre- 
cipitated by saclactic acid.§ 

Sp. 36. Lactate of copper. When lactic acid is digested on 
copper, it assumes first a blue colour, and then a green, which 
passes into a dark brown; but the solution does not crys- 
tallize.|| 


oe 


Such are the salts of copper, one of the most prolific of all 
the saline genera. There can be no doubt that the farther 


* Gren’s Handbuch der Chemie, iii. 331. 

+ Wenzel’s Verwandtschaft, p. 185. 

+ Gehlen, Schweigger’s Jour. iv. 14. 

§ Scheele, i. 80. || Ibid p. 66. 
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researches of chemists will very much increase the number of 
the triple salts of copper. I have described eight species of 
them in this section, and I might have increased their number 
considerably, had I mentioned all that are known to exist, 
though their properties have not hitherto been examined. 
The composition of the salts of copper is easily determined, 
by considering them as compounds of an atom of peroxide of 
copper and an atom of each of the acids. An atom of per- 
oxide of copper weighs 10, and the weight of the acids has 
been given in a preceding chapter of this volume. The prin- 
cipal use to which the salts of copper have been applied is the 
formation of paints. The sulphate has been employed in dye- 
ing, and the acetate forms an article which is employed in 


=? 
considerable quantity by the hat-makers. 


SEC oc X LX. 
SALTS OF BISMUTH. 


Tue salts of bismuth have not been examined with much 
attention by chemists; indeed bismuth and its combinations 
have been hitherto very much neglected. These salts may be 
distinguished by the following properties: 

1. The solution of bismuth in acids is usually colourless. 
When water is poured into it, a white precipitate immediately 
falls, consisting chiefly of the white oxide of bismuth. 

2. Ferrochyazate of potash occasions in these solutions a 
precipitate of a white colour, sometimes with a shade of yel- 
low. | 

3. Hydrosulphuret of potash and sulphuretted hydrogen 
occasion a dark-brown precipitate. 

4. Gallic acid and the infusion of nut-galls occasion a light- 
yellow precipitate. 

5. When a plate of copper or tin is put into the solution of 
bismuth, this last metal is often precipitated in the metallic 


_ State. 


1. Nitrate. 


Sp. 1. Nitrate of bismuth. Nitric acid, when concentrated, 
attacks bismuth with great violence, a vast quantity of nitrous 
gas is emitted, the metal is converted into a white oxide, much 
heat is evolved, and sometimes even sparks of fire, it is said, 
are darted out of the mixture. When the acid is diluted, the 
action is less violent, and the oxide of bismuth is dissolved as 


_SALTS OF BISMUTH. 


653 


it forms. The solution is colourless; and on cooling lets fall Chap. 1 


crystals of a white colour, and generally attached to each 
other in the form of stars. They are small four-sided prisms, 
often terminated by four-sided summits. 

This salt, when exposed to the air, attracts a little moisture, 
and its surface is covered with a crust of white hydrated oxide. 
On burning coals it detonates feebly, emitting red sparks, and 
leaves a yellowish powder not easily reduced. When tritu- 
rated with phosphorus it detonates loudly.* When put into 
water it is immediately decomposed; that liquid absorbing its 
acid, and leaving the white hydrated oxide of bismuth com- 
bined with a small portion of acid. Hence the reason, that 
when we write upon paper with a solution of bismuth in nitric 
acid, the characters, at first invisible, become white when the 
paper is plunged into water, as Brugnatelli first observed.t 

When the solution of bismuth in nitric acid is diluted with 
water, the greatest part of the metal separates in the state of a 
subnitrate. In this state it was formerly known by the name 
of magistery of bismuth. 

The paint called pearl white, frequently used as a cosmetic, 
is said to be precipitated from the nitrate of bismuth by means 
of common salt or tartar. Hence, in all probability, it is a 
submuriate or a tartrate of bismuth, according to circum- 
stances. { 

According to the experiments of Lagerhjelm and Berzelius, 
the nitrate of bismuth is composed of 


INGETIC ACIO v's ct we nee 342 

Oxide of Iicmarthe 2-523, soar 4.8°8 

Wate 3 oo es Satealere eae 17°0 
100°0§ 


If we consider it as a compound of 1 atom.acid, 1 atom 
oxide, and 3 atoms water, its composition will be 


Ne ae Sir Par on eke 33°75 
Once ee ae 6 es hed .. 49°37 
WStGE ocd s oee ei ees aU 16°88 

100°00 


Numbers which almost coincide with those obtained by expe- 
riments. 


* Brugnatelli, Ann. de Chim, xxviii. 73. f Thid. iu. 296. 
{ Black’s Lectures, 11. 595. § Ann. de Chim. Ixxxii. 122. 
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Sp. 2,°3. Carbonate, borate. The combinations which the 
oxide of bismuth forms with carbonic and boracic acids have 
not hitherto been examined with accuracy. They may be 
formed by pouring into the solution of bismuth in nitric acid 
the alkaline carbonates, or borates. The salts required preci- 
pitate in the state of a white powder. 

Sp. 4. Phosphate of bismuth. Phosphoric acid does not at- 


tack bismuth; but it combines with its oxide recently preci-_ 


pitated by an alkali. One portion of the salt formed remains 
in the state of an insoluble white powder; another portion is 
dissolved, and yields crystals, which do not deliquesce, ‘and 
are soluble in water.* The white insoluble powder is most 
probably a subphosphate, and the crystals a superphosphate 
of bismuth. 

Sp. 5. Sulphate of bismuth. Sulphuric acid has no action 
on bismuth while cold; but by the assistance of heat it con- 
verts that metal into a white powder, while at the same time 
sulphurous acid is exhaled, and even sulphur sublimed, if the 
heat be considerable. When the saline mass, thus formed, is 
washed with water, two thirds of the acid are separated, carry- 
ing along with them a very small portion of the oxide; and 
this lixivium yields, by evaporation, small crystals in needles, 
which are decomposed, and their base precipitated when any 
attempt is made to dissolve them in water. 

According to the experiments of Lagerhjelm the sulphate 
of bismuth is composed of 1 atom acid + 1 atom oxide, or 
by weight of 

Sulphuric acid:.(./u.92415 G06 
Oxide of bismuth ......... 197°5 


The subsulphate formed by precipitating the sulphate by 
the addition of water, is composed, according to the experi- 
ments of Berzelius,{ of 1 atom acid + 3 atoms oxide, or by 
weight of 

Sulphuric: acid’, 6 54'susude TOO 
Oxide of bismuth........ 592°5 


Sp. 6. Sulphite of bismuth. Sulphurous acid does not attack 
bismuth; but it combines with its oxide, and forms with it a 
salt insoluble in water even when assisted by an excess of acid. 
{t has a sulphurous taste; and before the blow-pipe melts into 
a reddish-yellow mass, which is soon reduced upon charcoal. 


* Wenzel’s Verwandtschaft, p. 177. ft Ann. de Chim. Ixxxil. 241. 
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When distilled, the acid is driven off, and the whole oxide Chap. tt 
remains in a state of purity.* see 

Sp. 7. Arseniate of bismuth. Arsenic acid oxidizes bismuth 7. Arseni- 
by a digesting heat; and the metal is covered with a white **" 
powder, which is arseniate of bismuth. Part also of the arse- 
niate remains in solution, but the oxide is precipitated by the 
addition of water. The arseniate of bismuth precipitates when 
arsenic acid is poured into the nitrate cf bismuth. The white 
powder thus obtained is difficultly fusible; but when heated 
with charcoal, arsenic sublimes, and the bismuth is reduced.t} 

Arseniate of bismuth is a white powder, often having a shade 
of green; it is tasteless, insoluble in water and nitric acid, 
but soluble in muriatic acid.t When heated upon charcoal, 
the smell of arsenic becomes perceptible. From the solution 
in muriatic acid, the bismuth is precipitated by sulphuretted 
hydrogen. 

Sp. 8. Molybdate of bismuth. Molybdic acid precipitates 
muriate of bismuth white, provided there be no excess of acid.§ 

Sp. 9. Acetate of bismuth. Acetic acid has but little action 9. Acetate. 
on bismuth; but the acetate of bismuth may be obtained by 
mixing together the solutions of nitrate of bismuth and acetate 
of potash. When the mixture is heated, it redissolves the 
precipitate which had at first formed, and at the same time 
yields a number of thin talky crystals resembling boracic acid. 
Morveau, to whom we are indebted for this experiment, has 
ascertained also, that the addition of acetic acid, deprives 
nitrate of bismuth of the property of affording a precipitate 
when diluted with water.|| 

Sp. 10. Benxoate of bismuth. Benzoic acid dissolves the ox- 
ide of bismuth with facility; and the solution yields white 
needle-shaped crystals, which are not altered by exposure to 
the air, are soluble in water, and very sparingly soluble in 
alcohol. Sulphuric and muriatic acids decompose this salt, 
and heat volatilizes its acid.** 

Sp. 11. Succinate of bismuth. Succinic acid does not attack 14. sueci- 
bismuth; but it dissolves its oxide at a boiling temperature, 
and the solution yields yellow crystalline plates of succinate of 
bismuth. According to Wenzel, the solution of this salt in 


* Fourcroy, v. 204. + Scheele, i. 84. 
+ Thenard, Ann, de Chim. I. 120. § Hatchett. 

| Encyc. Method. Chim. i. 10. 

** Trommsdorff, Ann. de Chim. xi. 317. 
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water does not yield a precipitate with alkalies. It dissolves 

Sp. 12. Oxalate of bismuth. Oxalic acid scarcely attacks 
bismuth; but it combines with its oxide, and forms with it an 
oxalate in the state of a white powder, scarcely soluble in 


water. When oxalic acid is dropped into nitrate of bismuth, 


small transparent polygonal grains are gradually precipitated, 
which possess the same properties as the white powder, and do 
not become opaque when put into water.+ 

Sp. 13. Tartrate of bismuth. Tartaric acid does not attack 
bismuth; but when dropped into the solution of that metal in 
sulphuric, nitric, or muriatic acids, tartrate of bismuth preci- 
pitates in the state of a white crystalline powder insoluble in 
water.} 


SECT. XXX. 
SALTS OF MERCURY. 


THERE is no genus of metallic salts which has been sub- 
jected to a longer or more varied examination than this. Mer- 
cury was the metal from which the alchymists conceived the 
greatest hopes, and which they exposed to every possible tor- 
ture during their researches after the philosopher’s stone. The 
introduction of mercurial salts into medicine occasioned a 
scrutiny no less varied than obstinate, after the paroxysm of 
the alchymists was over. The important cures performed by 
their means, especially in cases of the venereal disease, were 
early seen by physicians: but the energy with which they 
acted, and the ravages which they sometimes made on the 
constitutions of those who used them, were equally visible. 
These deleterious effects were ascribed to a certain acrid some- 
thing which was supposed to constitute a component part of 
mercury. The object of chemical physicians was long di- 
rected towards discovering a method of removing, neutraliz- 
ing, or destroying this acrid something, without impairing the 
good effects of the medicine. Hence the numerous prepara- 
tions of mercury which were one after another introduced 
into practice; some of which have in a great measure answer- 
ed the purposes for which they were intended; while the 


* Wenzel’s Verwandtschaft, p. 243. + Bergman, i. 261. 
t Gren’s Handbuch. iii. 300. 


in nitric acid, and the solution is not precipitated by water.* . 
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greater number, after continuing fashionable for a time, have Chap. u. 
gone one after another out of use. agg 

Mercurial salts have lately engaged the attention of philoso- 
phical chemists, because, from the peculiar nature of the metal, 
the changes which take place during their formation are more 
easily traced. To them we are indebted for the discovery of 
the composition of sulphuric acid, of metallic oxides, and for 
the first decisive proofs of the non-existence of phlogiston; to 
them we owe the discovery of oxygen gas, and perhaps also of 
nitrous gas. 

Mercurial salts are distinguished by the following pro- 
perties. 

1. When strongly heated, they are volatilized and dissipa- Characters. 
ted; and traces of mercury may sometimes be observed. 

2. Ferrochyazate of potash occasions a whitish precipitate, 
which becomes yellow when exposed to the air. 

3. Hydrosulphuret, of potash occasions a black precipitate. 

4. Muriatic acid, when poured into their solution in water, 
often occasions a white precipitate. 

5. Gallic acid, or the infusion of nutgalls, occasions an 
orange-yellow precipitate. 

6. A plate of copper plunged into a liquid mercurial salt 
gradually precipitates ranning mercury. 

There are two oxides of mercury, and most acids seem ca- 
pable of combining with both. Of course every species is di- 
visible into two subspecies ; protosalts and persalts. Many of 
these subspecies are capable of existing in the state of sub and 
super salts. ‘This gives rise to another set of varieties still more 
numerous. : 

The oxides of mercury are thrown down from their solu- 
tion in acids by most of the alkalies and alkaline earths, but 
in different states. When lime is used, Proust has shown that 
a portion of the acid is retained, and that the precipitate com- 
bines with about ;1,th part of its weight of lime. When 
ammonia is used, Bayen has ascertained that the precipitate 
retains a considerable portion of that alkali. But from Ber- 
thollet’s experiments we learn that the fixed alkalies throw 
down a subsalt of mercury not contaminated with any of the 
precipitating body. 

Sp. 1. Nitrate of mercury. Though the action of nitric acid 
on mercury has been long familiar to chemists, yet the first 
person who accurately determined the nature of the salts 
formed was Mr. Donovan. Nitric acid dissolves pure mercury 

VOL. I. 2 U 
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with facility, either with or without the assistance of heat. The 


/ concentrated. solution gradually deposits white coloured crys- 


tals, which always consist of pure protoniirate of mercury. 
These crystals are octahedrons, all the solid angles of which 
are usually truncated. They have a strong mercurial taste, 
and act with great energy on the system. When exposed to 
the air they gradually lose a portion of their acid and become 
yellow. Water produces the same effect by depriving them 
likewise of part of their acid. In water, acidulated with nitric 
acid, they dissolve, and the solution is colourless. When 
washed with hot water a blue-grey deposit falls from the 
water, which is the swbprotonitrate of mercury. ‘The yellow 
powder contains a greater proportion of acid. When this 
salt is heated the acid is decomposed, and the mercury con- 
verted into peroxide. The mercury is precipitated in the me- 
tallic state from solutions of this salt by sulphuretted hydrogen 
and by protomuriate of tin. 

Pernitrate of mercury may be obtained by dissolving per- 
oxide of mercury in nitric acid and evaporating to dryness. 
A white crystalline mass remains, which deliquesces on expo- 
sure to the air, but not to perfect liquidity. This salt does not 
crystallize regularly. It is more acrid than protonitrate. It 
always remains in solution after the protonitrate of mercury 
has crystallized. When water is poured upon the dry salt a 
decomposition takes place, supernitrate of mercury dissolves, 
and subpernitrate remains behind in the state of an insoluble 
brown powder.* 

Sp. 2. Carbonate of mercury. Carbonic acid does not attack 
mercury, but it may be combined with its oxide by pouring 
an alkaline carbonate into nitrate of mercury. ‘The precipi- 
tate in that case is a white powder, composed, according to 
Bergman, of 

90°9 mercury 
9°1 oxygen and acid 


100°0+ 
Supposing the carbonate a compound of 1 atom carbonic 
acid + 1 atom peroxide of mercury, it will consist of 


Carbonic acid .......-. . 9°24 
Perexide Geye ce. vs 5 urea 90°96 
100°00 


* Annals of Philosophy, xiv. 246. ¢ Bergman, 11. 391. 
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Sp. 3. Borate of mercury. Boracic acid has no action on Chap. I. 
mercury; but borate of soda, poured into a solution of that 3. govate. 
metal in nitric acid, occasions a precipitate of borate of mer- 
cury in the state of a yellow powder, first described by Mon- 
net. Its specific gravity is 2°266.* 

Sp. 4. Phosphate of mercury. Phosphoric acid does not act 4. Phos- 
on mercury; but it combines with its oxide, and forms phos- ?"™ 
_ phate of mercury. ‘This salt is formed most conveniently by 
mixing together the solutions of nitrate of mercury and phos- 
phate of soda. The salt immediately precipitates in the state 
of a white powder. This salt has been lately introduced into 
medicine, and seems to answer equally well with the other 
mercurial preparations. It phosphoresces when rubbed in the 
dark; and when distilled, it yields phosphorus, like the other 
metallic phosphates. Its specific gravity is 4°9835.+ ‘This salt 
is in fact a perphosphate of mercury. Its constituents, ac- 
cording to Braamcamp and Sequiera Oliva, are 


28°5 acid 
71°5 peroxide 


100°0 t 


Sp. 5. Phosphite of mercury. Messrs. Braamcamp and Se- 
quiera Oliva have shown, that phosphorous acid decomposes 
all the oxides and salts of mercury, separating the base in the 
metallic state. Hence it is not probable that phosphite of 
mercury can exist.§ 

Sp. 6. Sulphate of mercury. Of this, like most other salts 
of mercury, there are two subspecies. 

(1.) Protosulphate of mercury. It is formed when strong sul- 
phuric acid is heated on mercury so gently that the mixture 
barely effervesces. A white salt gradually precipitates, which is 
the protosulphate. It has a strong mercurial taste, and is very 
sparingly soluble in sulphuric acid. Water decomposes it. 

When protoxide of mercury and sulphuric acid are tritu- 
rated together, its colour changes to grey, but it does not dis- 
solve. This powder when properly edulcorated, is a subproto- 
sulphate of mercury. When digested in boiling water it be- 
comes greenish grey. The addition of sulphuric acid restores 


* Hassenfratz, Ann. de Chim. xxviii. 12. + Ibid. 
¢{ Braamcamp and Sequiera Oliva, Ann. de Chim. hv. 125. 
§ Ann. de Chim. liv. 125. 
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the original colour, or even renders it white by converting it 
into a neutral salt. 

(2.) Persulphate may be formed by boiling mercury violently, 
and for a considerable time in concentrated sulphuric acid. 
The protosulphate at first formed is gradually changed into 
persulphate. If we treat in this way 2 parts of mercury and 
3 of strong acid, the whole salt formed is persulphate. Its co- 
lour is a dirty white. Like the protosulphate, it is decomposed 


by water being deprived of the excess of acid which it con- | 


tained and converted into a fine yellow powder, which seems 
to be a neutral persulphate.* It was known formerly by the 
name of turpeth mineral. Its specific gravity is 6°444.¢ It is 
soluble in 2000 parts of cold water, and in 600 parts of boil- 
ing water. ‘The solution is colourless. 

The name turpeth mineral seems to have been given to this 
salt by Crollius, who boasted of its medicinal virtues, but kept 
the preparation a secret. He attempted to moderate the vio- 
lent action of this substance by a long digestion, but without 
success. The process for preparing it was afterwards made 
public. Kunkel published a set of experiments on it in 1700, 
in his Laboratorium Chymicum.. The name turpeth was no 
doubt given from some resemblance which it was supposed to 
have either in its colour or effects to the root of the convolvu- 
lus turpethum, a plant formerly used in medicine. 

According to the experiments of the Portuguese chemists 
above quoted, turpeth mineral is composed of 


15°0 acid 
84°7 peroxide 
0O°3 water 


100°0§ 


Supposing it a compound of 1 atom acid + 1 atom perox- 
ide, its constituents will be 


Sulpharic¢ acid oewweasi. ds 15°62 
Peroxide. 5 cowweids suet 84°38 
100°00 


Numbers which agree sufficiently with the preceding ana- 


* Donovan, Annals of Philosophy, xiv. 321. 

+ Watson’s Chemical Essays, v. 68. 

¢ Fourcroy, Ann. de Chim. x. 298. § Ann. de Chim. liv. 123. 
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lysis to show that our notion respecting the constitution of this: Chap. I. 


salt is correct. 

Sp. 7. Hyposulphite of mercury. From the experiments of 
Mr. Herschell, there is reason to believe that this salt does 
not exist.* 

_ Sp. 8. Seleniate of mercury. Of this salt likewise there are 
two subspecies. 

(1.) Protoseleniate. A white insoluble powder obtained by 
pouring selenic acid into a protosalt of mercury. When heated 
it melts, and forms a mass of a deep brown colour. When 
cold, the colour becomes lemon yellow. When more strongly 
heated, it may be distilled over in amber coloured drops, 
usually transparent. It is decomposed by potash, and like- 
wise by muriatic acid. 

(2.) Perseleniate is obtained by saturating selenic acid with 
peroxide of mercury. It is a white powder nearly insoluble 
in water. When only a certain portion of oxide is dissolved 
in the acid, if we filter and evaporate, we obtain large prisma- 
tic crystals, striated longitudinally. These are biperseleniate 
of mercury. This salt dissolves sparingly in alcohol. It melts 
when heated in its water of crystallization. ‘The anhydrous 
salt does not melt, but sublimes without alteration.+ 

Sp. 9. Arseniate of mercury. When arsenic acid and mer- 
cury are heated in a retort, white oxide of arsenic, mercury, 
and oxide of mercury of a yellow colour, are driven over, and 
there remains a yellow-coloured insoluble mass, consisting of 
arseniate of mercury. The same salt is precipitated in the 
form of a yellow powder when arsenic acid is poured into the 
liquid nitrate or sulphate of mercury.{ 

Sp. 10. Chromate of mercury. ‘This salt may be formed by 
mixing together the solutions of an alkaline chromate and a 
mercurial nitrate. It is an insoluble powder of a fine purple 
colour. § 

Sp. 11. Molybdate of mercury. Molybdic acid precipitates 
mercury from nitric acid in the form of a white flaky pow- 
der ; || but it occasions no precipitate in the solution of corro- 
sive sublimate.** 

Sp. 12. Tungstate of mercury. Tungstic acid forms with 


* Edin, Phil. Jour. i. 28. 

+ Berzelius ; Ann. de Chim, et de Phys. ix. 342. 

{ Bergman, 11. 391. § Vauquelin. || Hatchett. 
** Scheele, 1. 247. 
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the oxide of mercury an insoluble powder, which has not been 
examined. 

Sp. 13. Acetate of mercury. Acetic acid does not act sen- 
sibly on mercury; but it dissolves its oxides, especially when 
hot. The first accurate set of experiments on these solutions 
was made by Maregraff, who procured from them a salt in crys- 
tals.* With the protoxide of mercury acetic acid forms an 
acetate, and with the red oxide a peracetate ; salts which were 
first properly distinguished from each other by Mr. Proust. 

1. Acetate of mercury. This salt may be formed by dis- 
solving in acetic acid the precipitate obtained from nitrate of 
mercury by means of alkalies. As the solution cools, thin 
brilliant plates of acetate of mercury are deposited, resembling 
boracic acid. It may be prepared also by mixing together so- 
lutions of nitrate of mercury and acetate of potash. Large flat 
crystals of acetate of mercury, of a silvery whiteness, soon 
make their appearance. ‘This salt has an acrid taste, is inso- 
luble in alcohol, and soluble in 600 times its weight of water.{ 
In alkalies it blackens. The proportion of the constituents of 
this salt has not been ascertained. It is employed in medicine. 

2. Peracetate of mercury. ‘This salt is obtained by dissolv- 
ing the red oxide of mercury in acetic acid. It does not crys- 
tallize ; but when evaporated to dryness, forms a yellow mass, 
which soon deliquesces. It dissolves readily in alcohol: but 
water divides it into two salts; a superacetate, which remains 
dissolved in the water, in consequence of its great excess of 
acid; and a subperacetate, in the same state of a yellow pow- 
der, insoluble in water. When the solution of red oxide of 
mercury in acetic acid is heated, some crystals of acetate are 
obtained ; because a part of the oxygen of the oxide is sepa- 
rated at the expense of the acid, a portion of which is decom- 
posed.§ | 

Sp. 14. Benzoate of mercury. Benzoic acid dissolves the 
oxide of mercury, and forms with it a white powder, not al- 
tered by exposure to the air. It is insoluble in water, and very 
sparingly soluble in alcohol. A moderate heat sublimes this 
salt, and a strong heat decomposes it. It is decomposed by 
lime, by sulphuric acid, and muriatic acid, and by sulphur. | 


* Opusce. 1. 119. + Jour. de Phys. lvi. 205. 
t Braconnot, Ann. de Chim. Ixxxvi. 92. 

§ Proust, Jour. de Phys. lvi. 205. 

|| Lrommsdorf, Ann. de Chim. xi. 316. 
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Sp. 15. Succinate of mercury. When succinic acid is di- 
gested with the oxide of mercury, it forms with it a shapeless 
mass containing some crystals, and soluble in water; from 
which the oxide is precipitated by alkalies and hydrosulphu- 
rets.»* These crystals, I conceive, are bisuccinate of mercury. 
When succinate of ammonia is dropped into corrosive subli- 
mate, an insoluble white precipitate falls, which is persuccinate 
of mercury. 

Sp. 16. Oxalate of mercury. Oxalic acid does not act on 
mercury ; but it dissolves its oxide, and forms with it an oxa- 
late in the state of a white powder, scarcely soluble in water. 
When exposed to the light, it very soon becomes black. ‘The 
same salt is precipitated when oxalic acid is poured into the 
sulphate or nitrate of mercury. Klaproth first discovered 
that this salt has the property of detonating when heated :} the 
same observation was afterwards made by Von Packen.§ How- 
ard’s fulminating powder consists partly of this salt. 

Sp. 17. Mellate of mercury. Mellitic acid occasions a white 
precipitate in nitrate of mercury, which is redissolved on the 
addition of nitric acid.|| 

Sp. 18. Tartrate of mercury. Tartaric acid does not attack 
mercury ; but it dissolves its protoxide, and forms with it an in- 
soluble white salt, which soon becomes yellow when exposed to 
the light. This salt precipitates also when tartaric acid is 
poured into nitrate of mercury. 

Sp. 19. Tartrate of potash-and-mercury. This salt, first de- 
scribed by Monnet, may be formed by boiling in water six parts 
of tartar and one part of oxide of mercury. The liquid, when 
evaporated, yields small crystals of tartrate of potash-and-mer- 
cury. Thenard has ascertained, that the same triple salt may 
be formed by mixing together the solutions of tartar and mer- 
curial nitrate. ‘This salt is decomposed by the alkalies, the al- 
kaline carbonates, the hydrosulphurets, the sulphates, and the 
muriates.** 
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Sp. 20. Citrate of mercury. This salt has been examined 20. Citrate. 


by Vauquelin. Citric acid does not attack mercury ; but when 
poured upon its red oxide, an effervescence takes place, and 
the oxide becomes white and unites into one mass. ‘The ci- 


* Wenzel’s Verwandtschaft, p. 245. + Bergman, 1. 266. 
¢ Westrumb’s KI. Ph. Chim. Abb. 1. 228. 
§ De Sale Acid. Tartari, 1779. \{ Klaproth’s Beitrage, i. 131. 


** Ann. de Chim, xxxviil. 36. 


5664 


Book Uf. 
Division II. 


23. Lactate. 


SALTS. 


trate thus formed has a mercurial taste, but is scarcely soluble 
in water. Nitric acid decomposes it. When distilled, there 
comes over acetic and carbonic acids, and the mercury Is re- 
duced.* 

Sp. 21 and 22. Saclactate and malate of mercury. When 
saclactic acid or malic acid is dropped into nitrate of mercury, 
a white precipitate appears.+ 

Sp. 23. Lactate of mercury. Lactic acid dissolves both ox- 
ides of mercury. With the protoxide it forms a light yellow 
coloured matter which becomes white by repeated solution and 
evaporation. It contains an excess of acid, deliquesces in the 
air, and is partly dissolved in alcohol. But at the same time 
the salt is decomposed. With the peroxide it forms a red 
gummy deliquescent salt. If left exposed in a warm and moist 
place it deposites a light semicrystalline powder, which Berze- 
lius conjectures to be acetate of mercury. { 


lle 

Such are the properties of the salts of mercury as far as they 
have been examined. A greater number of them are insolu- 
ble in water than of the salts of any other genus. ‘Their com- 
position may be easily determined by considering them as com- 
pounds of 1 atom oxide of mercury and 1 atom of each of the 
acids. The weight of an atom of protoxide of mercury is 26, 
of that of peroxide 27, and the weight of the different acids 
has been given in a preceding chapter of this volume. 

Several of the mercurial salts have been introduced into me- 
dicine, and some, as ¢urpeth mineral, constitute beautiful paints. 


They are well entitled to a more accurate examination than 
has been hitherto bestowed upon them. 


SECT. XXXI. 
SALTS OF SILVER. 


SEVERAL of the acids are capable of oxidizing silver; but 
it resists the action of the greater number. The nitric dis- 
solves it with great facility ; hence it is the nitrate of silver with 


% 


* Fourcroy, vil. 209. 
+ Scheele, ii. 80, and Crell’s Annals, ii, 11. Eng. Trans. 
¢ Berzelius, Djurkemien, ii. 438. 
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which we are best acquainted. Most of the other acids form Chap. I. 
with it compounds scarcely soluble in water. The salts of sil- 
ver may be easily ascertained by the following properties : 

1. When exposed to the action of the blow-pipe upon char- Characters. 
ccal, they are reduced, and a globule of silver obtained. 

2. Ferrochyazate of potash, when dropped into a solution of 
a salt of silver, occasions a white precipitate. 

3. Hydrosulphuret of potash occasions a black precipitate. 

4. Muriatic acid of the alkaline muriates occasion a white 
heavy flaky precipitate resembling curd. 

5. Gallic acid and the infusion of nutgalls occasion a yel- 
lowish brown precipitate, at least in several of the solutions of 
silver. 

6. When a plate of copper is put into a solution of silver, 
that last metal is precipitated in the metallic state, retaining, 
however, a little of the copper alloyed with it. 

7. The solution of sulphate of iron precipitates the silver in 
the metallic state. . 

Sp. 1. Nitrate of silver. Nitric acid attacks silver with con- 1. Nitrates 
siderable violence, and dissolves about half its weight of it. 

The effervescence is occasioned by the disengagement of ni- 
trous gas. The acid employed must be pure; if it contains 
any muriatic acid, as is always the case with the nitrous acid 

~of commerce, a white insoluble chloride of silver falls to the 
bottom of the vessel. If the silver contain gold, that metal is 
also precipitated in the form of a black or very deep purple 
powder. | 

The solution is limpid and colourless, exceedingly heavy, Properties. 
and caustic. It gives the skin, hair, and almost all animal 
substances, an indelible black colour. Hence it is often used 
to dye hair, &c. When evaporated till a pellicle begins to 
form on its surface, it deposites, on cooling, transparent crys- 
tals of nitrate of silver. These crystals are brilliant and very 
irregular; sometimes assuming the form of six-sided, some- 
times of four-sided, and sometimes of three-sided, thin plates. 

Their taste is intensely bitter and metallic. 

This salt, at the temperature of 60°, dissolves in its own 
weight of water.* It does not deliquesce in the air; but when 
exposed to a strong light, it becomes brown, and the silver is 
partly reduced. It is soluble in alcohol; It crystallizes in 


* Wenzel, Verwandtschaft, p, 308. 
+ Kunkel, Phil, Trans, 1684, vol. xv. 896. 
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prokt. flat rhomboids with angles of 120° and 60°. One edge of the 

—~ rhomboid is nearly twice as long as the other. When heated, 
it readily melts, swells up, and then remains liquid. When 
allowed to cool, it forms a grey-coloured mass, crystallized in- 
ternally in needles. In that state it is cast in moulds by apo- 
thecaries, and formed into small cylinders, often employed by 

Ianar Surgeons under the names of lapis infernalis and lunar caustic, 

sasticy to open ulcers and destroy fungous excrescences. Its specific 
gravity is 3°521. | 

When this salt is exposed to a red heat, as when it is put 

upon burning coals, it detonates, and the silver remains pure, 
attached to the surface of the coal. The same reduction takes 
place when the salt is distilled in a retort, and nitrous gas, 
oxygen gas, and azotic gas are disengaged. 


seas Mrs. Fulhame has shown, that when this salt is dissolved in 
a water, it is decomposed, and the silver reduced by means of 


hydrogen gas and phosphorus. A bit of silk moistened with 
this solution, and exposed to the action of hydrogen gas, is 
almost immediately covered with a thin layer of silver, which 
adheres strongly. The same effect is produced by phosphorus 
and by sulphurous acid gas. 

This salt, both in crystals and after being melted, has the 
property of fulminating violently when mixed with phosphorus, 
and struck smartly with a hammer. This was first observed 
by Brugnatelli. To the same Ingenious chemist we are in- 
debted for the two following facts. When three grains of sul- 
phur and nine grains of nitrate of silver, mixed together, are 
struck with a cold hammer, the sulphur inflames, but no deto- 
nation takes place; whereas if the hammer be hot, the mixture 
detonates, and the silver is reduced. If charcoal be substituted 
for sulphur, only a faint detonation is heard though the ham- 
mer be hot.* 

The silver is precipitated from the solution of this salt in 
water in a metallic state by the greater number of the metals, 
especially by mercury and copper, which at the same time 
combine with it. 

This salt is decomposed by all the alkalies and alkaline 
earths, and by the sulphuric, sulphurous, muriatic, phos- 
phoric, fluoric acids, and their salts. 

Mr. Proust has shown, that when silver is dissolved in ni- 
tric acid a small portion of the metal is volatilized by the ebul- 


* Ann. de Chim. xxvii. 72. 
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lition. From his experiments it does not appear that nitrate Chap. 1. 
of silver contains any water of crystallization. He found it ~ 
composed of 

69 or 70 oxide of silver 

31 30 nitric acid 


ed 


100... 4100" 


Its true composition is as follows: 


MACHA FILET, ATIC écx on ee, == OFFS, da 0m, Ol OO., 20.0.» 00 
1 atom oxide of silver .. = 14°75 .... 68°61 ...- 218°52 


100°00 


Gay-Lussac has shown that pure silver may be obtained by 
precipitating nitrate of silver by copper, and digesting the pre- 
cipitate in a weak solution of nitrate of silver. By this diges- 
tion the copper is dissolved and silver precipitated in its place.+ 

Sp. 2. Nitrite of silver, This salt may be obtained by the 2. Nitrite. 
following process: Put a quantity of pure powder of silver into 
a solution of nitric acid already saturated with silver, and boil 
the mixture for an hour after nitrous gas has ceased to be 
evolved; then draw off the clear liquor with a bulbed siphon. 
The solution is of a pale yellow colour, and it may be concen- 
trated much more than the solution of nitrate, as the nitrite 
which it affords is much more soluble. When it is in the pro- 
portion of 240 to 100 of water, it is still far enough from crys- 
tallizing, and sometimes it remains fluid for several days; but 
if it be poured into a phial, it congeals so suddenly, that the 
last portions from the mouth of the retort become solid like 
icicles from the eaves of a house, and a great deal of heat is 
evolved. It is difficult to bring it to a regular crystallization, 
because it has a much greater tendency to congeal than to se- 
parate into crystals. If it congeal, it cannot be redissolved 
without the separation of a yellow powder, which is a subni- 
trite of silver. Hence it appears that the portion dissolved 
takes a portion of acid from this yellow powder. 

When the solution of nitrite of silver is kept in the open 
air, it soon absorbs oxygen, loses its colour, and deposites crys- 
tals of nitrate. ‘The same change is produced immediately by 
the addition of nitric acid. Hence a few drops of that acid 
occasion the immediate deposition of large scales of nitrate. 


* Nicholson’s Jour. xv. 375. + Ann. de Chim. Ixxvuii. 91. 
3 6 
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When the solution of nitrite of silver is mixed with the in- 
fusion of litmus, a blue lake precipitates. Nitrate produces no 
effect upon this infusion. From the solution of cochineal the 
nitrite throws down a deep violet lake; the nitrate produces a 
scarlet powder. When the nitrate js dropped into sulphate of 
indigo, no change is produced; the nitrite instantly deprives it 
of colour, while the silver is reduced. Ammonia precipitates 
a black powder from the nitrite of silver. This black powder 
is silver reduced. What is dissolved by the ammonia is in the 
state of nitrate. Pure potash throws down a brown precipi- 
tate, as it does from nitrate. Alcohol acts on nitrite of silver 
precisely as water does. A portion of subnitrite precipitates, 
and a supernitrite is dissolved. If the alcoholic solution be 
distilled, it leaves behind a portion of nitrate and of silver re- 
duced. When a little nitrite of silver is dropped into boiling 
water, it is decomposed, a portion of the silver is reduced, and 
precipitated in the state of a black powder, and the rest of the 
salt is converted into nitrate. 

When the nitrite of silver is concentrated in a retort, it 
grows thick, gives out a little nitrous gas, enters into fusion, 
and affords a yellow sublimate which lines the sides of the re- 
tort. If the melted mass be dissolved, a yellow powder mixed 
with a little reduced silver precipitates.* 

Sp. 3. Carbonate of silver. Carbonic acid has no action 
whatever upon silver; but it is absorbed readily by the oxide of 
that metal. The carbonate may be obtained by precipitating sil- 
ver from its acid solutions by means of a carbonated alkali, A 
white insoluble powder is obtained, which is carbonate of sil- 
ver. ‘This salt becomes black when exposed to the light; and, 
when heated, the acid is driven off, and the silver reduced. 
According to Bergman, when this salt is obtained by precipi- 
tating 100 parts of silver from its solution, by means of car- 
bonate of soda, it weighs 129.+ Its constituents must be 


1 atom carbonic acid .. 2°75 .... 1327) 
1 atom oxide of silver.. 14°75 .... 84°29 


100:00 


Sp. 4. Borate of silver. Boracic acid has no action on sil- 
ver whatever ; but the borate may be formed by pouring a so- 
lution of borax into liquid nitrate of silver. The salt falls to 


* Proust, Nicholson’s Jour. xv. 376. t+ Bergman, ii, 391. 
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the bottom in the form of an insoluble white powder, which chap. 1. 
has not been examined. ir i 
Sp. 5. Phosphate of silver. Phosphoric acid does not act 5. Phos- 

upon silver, but it combines readily with its oxide. Phosphate aod 
of silver is precipitated in the state of a yellow powder when 
phosphoric acid is poured into liquid nitrate of silver. It is 
insoluble in water, but soluble in an excess of phosphoric acid. 
When heated strongly in a crucible, a little phosphorus comes 

over, and phosphuret of silver remains in the retort.* This 

salt is soluble in nitric acid.t Mr. Chenevix has shown, that 

when boiled with a solution of an earthy muriate in proper 
proportions, chloride of silver and phosphate of the earth, 

both insoluble, are formed, so that the liquid is deprived of the 
whole of its saline part. 

- Berzelius when he mixed a solution of phosphate of soda 

with nitrate of silver, obtained a sesquiphosphate in the state 

of an insoluble yellow powder, and destitute of water of crys- 
tallization. It was composed of 1 atom phosphoric acid, and 

14 atom of oxide of silver, or, which comes to the same thing, 

of 2 atoms acid, and 3 atoms oxide. The following table ex- 

hibits its constituents : 

t § 
Wen se 020 Or .2. TeS 
Pasar eR NS BROTH “S31 


8 age | es 


100°000 100°0 


Sp. 6. Sulphate of silver. Sulphuric acid does not act on 6. sut- 
silver while cold; but when boiled upon that metal in the ere 
state of powder an effervescence is produced, occasioned by 
the escape of sulphurous acid gas, and the silver is reduced to 
a white mass soluble in diluted sulphuric acid. This solution’ 
is limpid and colourless, and yields on evaporation crystals of 
sulphate of silver. These crystals are white and brilliant, and 
have the form of very fine prisms. 

This salt, according to Wenzel, requires 873th parts of water properties. 
to dissolve it; hence the reason that it is generally precipitated 
in the state of a white powder when sulphuric acid is dropped 
into a solution containing silver. It is soluble in nitric acid 
without decomposition. || When heated,’ it melts, and in a red 


* Fourcroy, vi. 340. + Darracq, Ann. de Chim. xl. 178. 
t Berzelius, Ann. de Chim. et Phys. ii. 163. 
§ Theoretical composition. || Klaproth. 
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heat is decomposed: the silver is reduced, and sulphurous acid 
and oxygen gas are disengaged. When exposed to the light, 
it is slowly decomposed. It is decomposed also by the follow- 
ing bodies : 

1. Alkalies and alkaline earths, and their carbonates. 

2. Muriates, phosphates, fluates. 

According to Bergman,* 100 parts of silver, precipitated 
from its solution by sulphuric acid, yield 134 of sulphate. It 
is obvious that it must be composed of 


1 BLOM BGI se hs eu go oa 25°31 
1 atom oxide = 14°75 ...... 74°69 


100°00 


Sp. 7. Sulphate of silver. Sulphurous acid does not attack 
silver, but it combines readily with its oxide. The sulphite 
assumes the form of small brilliant white grains. It has an 
acrid metallic taste. Water dissolves only a very minute 
portion of it: accordingly sulphurous acid occasions a white 
precipitate of sulphite in solutions of silver. When exposed 
to the light, it assumes a brown colour. When strongly 
heated the silver is reduced, and sulphurous and sulphuric 
acids exhaled. 

This salt may be obtained also by mixing together the solu- 
tions of sulphite of ammonia aud nitrate of silver; but if too 
much sulphite of ammonia be added, the salt is redissolved, 
and. a triple salt formed, composed of sulphurous acid, oxide 
of silver, and ammonia. The fixed alkalies are also capable of 
dissolving the sulphite of silver, and forming with it triple 
salts.+ 

Sp. 8 Hyposulphite of silver. When nitrate of silver is 
dropped into any hyposulphite sufficiently diluted, a white 
cloud appears, which is redissolved by agitation : on continuing 
the addition of nitrate of silver the cloud reappears and agore- 
gates into a dirty grey flaky precipitate, which is hyposulphite 
of silver. This salt is soluble in water, and has an intensely 
sweet taste. Its solution is not precipitable by a muriate. 
When kept it gradually undergoes decomposition, and is at 
last coverted into sulphuret of silver.t 

All the hyposulphites are capable of dissolving chloride of 


* Opusc. ii. 391. t Fourcroy, vi. 323. 
} Herschell, Edin. Phil. Jour. i. 26, 
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silver. The solution has a sweet taste, and seems therefore 
to consist of hyposulphite of silver probably united to the base 
of the hyposulphite employed. Of these double salts Mr. 
Herschell has examined the following. 

Sp. 9. Hyposulphite of potash-and-silver. When potash is 
dropped into a solution of chloride of silver in hyposulphite of 
soda, a copious precipitate falls, consisting of small pearly 
scales similar in appearance to boracic acid. ‘These scales are 
the hyposulphite of potash-and-silver. ‘They have an in- 
tensely sweet taste, and before the blow-pipe blacken, melt, 
and yield a bead of silver in the midst of a saline mass which 
- spreads on the charcoal. The same precipitate is produced 
by the carbonate, nitrate, sulphate, and probably by all the salts 
of potash. Hence Mr. Herschell proposes the solution of 
chloride of silver in hyposulphite of soda as a useful test for 
distinguishing potash from soda. 

Sp. 10. Hyposulphite of soda-and- silver. This salt is ob- 
tained by dissolving chloride of silver in hyposulphite of soda, 
and evaporating the solution gently. It crystallizes in thin 


silky plates, which have an intensely sweet taste, and are: 


readily soluble in water. 

Sp. 11. Hyphosulphite of ammonia-and-silver. ‘This salt is 
obtained by dissolving chloride of silver in hyposulphite of 
ammonia, and mixing alcohol with the solution. It is a white 
salt, very soluble in water, and having an intensely sweet taste. 
One grain of it communicates a sensible sweetness to 32,000 
grains of water. By evaporating the alcoholic solution the 
same salt is sometimes obtained in thin lengthened hexangular 
plates. This salt, according to the analysis of Herschell, is 
composed of 


2 atoms hyposulphite of ammonia 
1 atom hyposulphite of silver. 


After the hyposulphite of ammonia refuses to dissolve any 
more chloride of silver, if an additional quantity be added, 
it is rapidly converted into a white crystallized powder. This 
powder is scarcely soluble in water, but dissolves readily in 
ammonia, forming an intensely sweet solution, from which an 
acid throws it down unaltered. Mr. Herschell considers it 
as a compound of 


1 atom hyposulphite of ammonia 
1 atom hyposulphite of silver. 
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Sp. 12. Hyposulphite of lime-and-silver. This salt is ob» 
tained by dissolving chloride of silver in hyposulphite of lime, 
and mixing the solution with a considerable quantity of al- 
cohol. It is a white salt of an intensely sweet taste, and soluble 
in water. It is decomposed by a moderate heat. 

When more chloride of silver is added to hyposulphite of 
lime than can be dissolved, the additional portion is converted 
into a voluminous crystalline powder, of very difficult solubility 
in water, but abundantly soluble in ammonia, and giving that 
liquid an intensely sweet taste. Mr. Herschell considers it as 
a compound of 

1 atom hyposulphite of lime 
1 atom hyposulphite of silver. 


Sp. 13. Hyposulphite of strontian-and-silver. This salt is 
formed by the action of hyposulphite of strontian on chloride 
of silver. It is nearly tasteless and insoluble in water; but 
dissolves readily in ammonia and gives to that liquid an in- 
tensely sweet taste.* 

Sp. 14. Seleniate of silver. This salt is precipitated in the 
state of a white powder by dropping selenic acid into a solu- 
tion of nitrate of silver. Boiling water dissolves a little of it. 
It dissolves completely in boiling nitric acid; but is precipi- 
tated again when the acid is diluted with water. If a boiling 
solution of this salt in nitric acid be mixed with boiling water, 
the seleniate falls down in needles as the solution cools. This 
salt is not blackened by exposure to the light. When heated 
it melts and becomes transparent like chloride of silver. On 
cooling it is converted into a white, opaque, friable mass, the 
fracture of which exhibits a crystallized texture. When 
strongly heated and exposed to a current of air, selenic acid 
and oxygen gas are disengaged, and it becomes covered with a 
pellicle of metallic silver. ‘This salt, according to Berzelius, 
is composed of 

SELeMIC ACL Yate Cee 100 
Oxideorsiver oo ore & 205°75 + 


Sp. 15. Arseniate of silver. For the only account of this 
salt hitherto given we are indebted to Scheele, the discoverer 
of arsenic acid. This acid does not attack silver at the com- 
mon temperature; but when the two bodies are heated to- 


* Edin. Phil. Jour. i. 27 and 398. 
t Ann. de Chim, et de Phys. ix. 3438. 
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gether pretty strongly, arsenic is sublimed, the silver oxidized, chap. m. 
and the mixture melts into a transparent glass. Water carries 

off from this glass arsenic acid, holding silver in solution, and 

leaves a brown insoluble powder, which is arseniate of silver. 

When this salt is exposed to a heat sufficient to melt the silver, 

that metal is reduced. 

The arseniate of silver may be obtained also by dropping 
arsenic acid into a solution of silver in nitric acid. The salt 
precipitates in the state of a flesh-red powder, which becomes 
brown when dry. It may be obtained equally by using, in- 
stead of arsenic acid, the alkaline arseniates.* 

Scheele has observed, that a mixture of arsenic and muriatic 
acids dissolves silver in a digesting heat, and converts it into 
chloride, though neither of these acids has any effect on it 
separately. During the process the arsenic acid loses its 
oxygen, and is converted into arsenic.t 

Sp. 16. Arsenite of silver. This salt has been examined by 
Dr. Marcet, in consequence of his application of it as a test 
for the discovery of arsenious acid.t It may be obtained by 
dropping nitrate of silver into a solution containing arsenious 
acid. An orpiment yellow precipitate appears, which is the 
salt in question. After some time it becomes brown, and this 
is the colour which it retains when dry. It is insoluble in 
water, but dissolves readily in diluted nitric acid. If an excess 
of ammonia be added just after its formation, it is re-dissolved. 
But the dry salt is insoluble in ammonia. When heated ina 
glass tube a white smoke evaporates, which condenses on the 
sides of the tube in minute octahedral crystals of arsenious 
acid, while a dark-brown mass remains, which is an arsenite. 
Before the blow-pipe upon platinum, and still better upon char- 
coal, the silver is reduced, and the arsenic dissipated. § 

Sp. 17. Chromate of silver. This salt may be formed by i. chro. 
mixing solutions of chromate of potash and nitrate of silver, ™* 
The precipitate is reddish-brown when the liquids are mixed 
hot; purple red when they are mixed cold, and carmine red 
when the chromate of potash contains an excess of acid. It 
becomes brown when exposed to the light, and is soluble in 
nitric acid. || 

* Scheele, i. 167. + Ibid. p. 169. 

} Mr. Hume first proposed nitrate of silver as a mode of detecting small 
quantities of arsenious acid. But the use of this test was materially im- 
proved by the experiments of Dr. Marcet and Dr. Paris. 

§ Annals of Philosophy, iii. 236. 

|| Vauquelin, Ann. de Chim. Ixx. 70. 
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Sp. 18. Molybdate of silver. When molybdic acid is added 
to a nitrate of silver, a white flaky precipitate falls.* 
Sp. 19. Acetate of silver. Acetic acid has no action what- 


ever on silver, but it readily dissolves its oxide, and forms 


with it acetate of silver. It may be formed easily by putting 
acetate of potash into a solution of nitrate of silver, or by satu- 
rating hot acetic acid with the oxide of silver. On cooling, 
the solution yields, according to Margraff, small needle-form 
crystals of an acrid metallic taste, and easily dissolved in water.f 
When heated, it swells up, the acid is dissipated, and the oxide 
of silver remains behind. 

Sp. 20. Benzoate of silver. » Benzoic acid does not attack 
silver, but it dissolves its oxide, and forms with it a salt easily 
soluble in water, but in a very small proportion in alcohol. It 
does not deliquesce in the air; but when exposed to the rays 
of the sun, it becomes brown. Heat volatilizes the acid and 
revives the silver. ¢ 

Sp. 21. Succinate of silver. ‘The succinic acid does not act 
on silver, but it dissolves its oxide, and forms with it a salt 
which crystallizes in thin oblong radiated prisms.§ 

Sp. 22. Oxalate of silver. Oxalic acid does not attack sil- 
ver, but it dissolves a small portion of its oxide. The oxalate 
of silver, which was first examined by Bergman, may be 
formed by pouring oxalic acid into a solution of nitrate of 
silver. It isa white powder scarcely soluble in water, and not 
at all in alcohol; but soluble in nitric acid. It becomes black 
by being exposed to the air, owing to the reduction of the 
oxide. || 

Sp. 23. Tartrate of silver. Tartaric acid does not attack sil- 
ver; but tartar dissolves its oxide, and forms with it a saline 
mass, which becomes black by exposure to the air.** Tartaric 
acid does not occasion a precipitate in liquid nitrate of silver. 

Sp. 24. Tartrate of potash-and-silver. ‘Thenard has shown, 
that when tartar is poured into liquid nitrate of silver, a triple 
salt is formed, composed of tartaric acid, potash, and oxide of 


* Scheele, i. 146. 

+ Opusc. i. 106. This has been denied by Monnet, but found accurate 
by Kirwan. The saturated solution, filtered while hot, yielded him very 
speedily acicular crystals. He supposes that Monnet failed by evaporating 
the solution.—Kirwan on Mineral Waters, p. 81. 

{ Trommsdorf, Ann. de Chim. xi. 313. 

§ Wenzel’s Verwand. p. 245. || Bergman, 1, 386. 

** Wenzel’s Verwand. p. 218, 
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silver, ‘This salt is decomposed by the alkalies and their car- 
bonates, and by the sulphates and muriates.* 

Sp. 25. Mellate of silver. Mellitic acid occasions no preci- 
pitate in nitrate of silver. 

Sp. 26. Citrate of silver. Silver is not attacked by the ci- 
tric acid; but its oxide combines with it, and forms with it a 
salt insoluble in water, of a harsh metallic taste, which blackens 
when exposed to the light, and yields, when distilled, acetic 
acid, while the silver is revived. ‘This salt is decomposed by 
nitric acid. According to Vauquelin, to whom we are in- 
debted for these facts, it is composed of 


36 acid 
64 oxide of silver 


—— 


100 t 


Supposing it a compound of 1 atom acid + 1 atom oxide, 
its constituents must be 


CHIC ACID: eked es 33°3 
Oxide of silver ...... 66°6 


For an atom of citric acid is just half the weight of an atom 
of oxide of silver. 

Sp. 27. Saclactate of silver. Saclatic acid occasions a white 
precipitate when dropped into nitrate of silver.§ 

Sp. 28. Malate of silver. Scheele ascertained, that malic 
acid occasions a precipitate in nitrate of silver. But the nature 
of that precipitate has not been examined. || 

Sp. 29. Lactate of silver. This salt is obtained by dissolving 
carbonate of silver in lactic acid. The solution has a greenish- 
yellow colour, and an unpleasant taste of verdigris. When 
evaporated in a very flat dish, it dries into a greenish-yellow 
varnish, with surface splendent like that of a mirror. When 
evaporated in a deep dish, it becomes brown from the reduc- 
tion of part of the silver. Even in the yellow polished mat- 
ter a portion of the silver is reduced, as becomes evident by 
dissolving the salt in water.** According to Braconnot lactic 


* Ann. de Chim. xxviii. 36. + Klaproth’s Beitrage, i, 131. 
¢ Fourcroy, vii. 209. § Scheele, 1, 80. 
|| Crell’s Annals, 11.11. Eng. Trans. 
** Berzelius, Dyurkemien, 11. 438. 
4 XZ 
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acid, from vegetables, readily dissolves oxide of silver when 
assisted by the application of heat. By evaporation, silky, 
needle-form crystals are formed, collected together in spheres, 
so that the whole liquid appears coagulated. When dried, it 
has a fine white colour, but becomes red by exposure to the 
light. It is soluble at the temperature of 73° in 20 times its 
weight of water. When heated, it melts, swells, becomes 
brown, catches fire, and leaves metallic silver.* 


SS 


Such are the properties of the salts of silver, as far as they 
have been examined. ‘They resemble the salts of mercury in 
being chiefly insoluble in water. ‘The only one of them in 
common use is the nitrate, which is applied to a variety of 
purposes, both in chemistry and domestic economy. The 
composition of the salts of silver is easily ascertained by con- 
sidering them as compounds of 1 atom oxide of silver, and 
1 atom of each of the acids. The weight of an atom of oxide 
of silver is 14°75; that of the acids has been given in a 
preceding chapter of this volume. 


SECT. XXXII. 


SALTS OF GOLD. 


THoucn gold was tortured with the most persevering in- 
dustry by the alchymists and metallurgists, and has been an 
interesting object of examination to chemists in every period 
of the science, there is no genus of salts with which we are at 
present so little acquainted as those which have for their bases 
the oxides of that metal. This is not owing to the expense 
necessarily attending such investigations, but to the peculiar 
properties of gold itself. As that metal is not acted on by any 
of the acids, except the nitro-muriatic and chlorine, none of 
the salts of gold can be formed directly except the muriate; 
all the rest must be composed by precipitating the oxide of 
gold from its solution in nitro-muriatic acid, and afterwards 
dissolving it in the other acids. But this method, which is 
difficult, was not thought of till the nature of the oxides of 
gold was known; and since that point was ascertained, no 
chemist has considered these salts as worth investigating. It 


“ Braconnot, Ann. de Chim. Ixxxvi. 92. 
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_ is true, indeed, that they do not hold out those brilliant dis- 
coveries which attract adventurers to other parts of the 
science: yet it must be admitted that an accurate examination 
of the metallic salts requires as much address, ingenuity, and 
sagacity, and would contribute as much to the advancement 
of the science, as any other investigation whatever. It would 
throw a new light on mineralogy, and even on geology; it 
would enable us to develop with more precision the nature of 
affinity than has hitherto been done; and it would serve also 
as a touch-stone to try the truth of several chemical theories 
which are at present in vogue. 

There are two oxides of gold known, the purple and. the 
yellow; but as far as is known at present, the first of these 
does not combine with acids at all. Consequently, all the 
salts of gold are, strictly speaking, persalts; that is, composed 
of gold combined with a maximum of oxygen. We are only 
acquainted at present with two species of these salts, namely, 
the muriate and the nitrate. 

The salts of gold may be ascertained by the following pro- 
perties : 

1. They are soluble in water, and the solution has a yellow 
colour. 

2. Ferrochyazate of potash occasions a white or yellowish- 
white precipitate when poured into these solutions. 

3. Gallic acid or the infusion of nutgalls gives these solu- 
tions a green colour, and a brown powder is precipitated, which 
is gold reduced. 


4. A plate of tin or muriate of tin occasions the precipita- 


tion of a purple-coloured powder. 

5. Sulphate of iron precipitates the gold in the metallic state. 
Sulphurous acid produces the same eftect. 

The best way of examining the salts of gold would be to 
dissolve the metal in nitro-muriatic acid, to throw down the 
peroxide by means of carbonate of potash and heat, to wash 
this oxide sufficiently, and to dissolve it while still moist in the 
different acids. By this method, the salts of gold could be 
formed, and their properties ascertained. 

Sp. 1. Nitrate of gold. Nitric acid attacks the oxide of gold 
only when concentrated. The solution has a brown colour, 
‘and always contains a great excess of acid. When diluted 
with water, the oxide of gold precipitates. ‘Iyhere appears to 
be but little affinity between nitric acid and oxide of gold. 
- Hence no doubt the reason why this acid does not dissolve 
5 
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gold in the metallic state.* When the solution is heated, the 
gold is precipitated in the metallic state. 

Sp. 2. Sulphate of gold. ‘This salt is obtained by dissolving 
oxide of gold in warm sulphuric acid diluted with water. It 
has a yellow colour, a very styptic taste, and always contains 
an excess of acid. Ido not know whether it be capable of 
crystallizing. 

I am not acquainted with the properties of any of the other 
salts of gold. 


SECT. XX XIII. 
SALTS OF PLATINUM. 


As platinum agrees with gold in its power of resisting all 
the acids except the nitro-muriatic and chlorine, the same ob- 
stacles lie in the way of an examination of the salts of plati- 
num which have prevented us from getting acquainted with 
the last genus. We need not be surprised, therefore, that this 
genus is scarcely farther advanced than the last. 

The salts of platinum may be distinguished by the following 
properties : 

1. Their solution in water has a brown or yellowish-brown 
colour. | 

2. Ferrochyazate of potash occasions no precipitate in these 
solutions. 

3. Neither is any precipitate produced by gallic acid or the 
infusion of nutgalls. 

4. Potash and ammonia occasion the precipitation of small 
orange-coloured crystals. 

5. Sulphuretted hydrogen precipitates the platinum in the 
state of a black powder. 

From the experiments of Mr. Edmund Davy there is reason 
to believe that no confidence can be placed in the experiments 
of Bergman and Chenevix on the salts of platinum. The only 
salts of this metal, therefore, with which we are at present ac- 
quainted, are the sulphate and the triple salts, consisting of the 
sulphate combined with alkaline and earthy salts. 

Sp. 1. Sulphate of platinum. This salt was first noticed by 
Proust, in 1802,+ and it was particularly examined by Mr. 
Edmund Davy, in 1812.¢ It may be obtained by passing a 


* Vauquelin, Ann. de Chim. Ixxvii. 332. 
+ Ann. de Chim. xlix. 180. 
{ Philosophical Magazine, xl. 350. 
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current of sulphuretted hydrogen gas through the solution of chap. u. 


platinum in nitro-muriatic acid. A black precipitate falls, 
which is to be washed and boiled to dryness in nitric acid. It 
is best to repeat the boiling a second time in order to ensure 
the complete conversion of the powder into sulphate of plati- 
num. 

Sulphate of platinum, thus formed, has a very dark-brown 
colour, approaching black. It is obtained in the form of a 
porous crust, similar to the carbonaceous matter left when 
sugar is decomposed by heat. It is very brittle and easily re- 
duced to powder. Its lustre is somewhat similar to that of 
crystallized blende. Its taste is acid and metallic, with some 
degree of causticity. It slightly reddens litmus paper. It is 
very deliquescent, and of course very soluble in water. It is 
soluble in alcohol, ether, muriatic acid, nitric acid, and phos- 
phoric acid. The alkalies form triple compounds with it. 
Its solution in water has a dark-brown colour of great in- 
tensity. Sal ammoniac does not occasion a precipitate when 
dropped into it; but, if the solution be boiled to dryness, the 
ammonio-muriate is formed. The sulphuric acid cannot be 
separated from this salt by any of the usual methods, in con- 
sequence of the disposition which the salt has of entering into 
triple compounds. When heated to redness, it is entirely de- 
composed, and metallic platinum obtained. Oxygen gas, and 
some sulphurous acid gas is obtained, and a liquid similar to 
the smoking sulphuric acid of the Germans. From the analysis 
of Mr. K. Davy, it appears that this sulphate is composed of 


PUTING ACI 6 os 6: ad eoa-ne ors 26°3 
Protoxide of platinum ...... 73°7 
100°0 


Now if we consider it as a compound of 1 atom sulphuric 
acid + 1 atom protoxide of platinum, its composition would be 


Sulphuric acid ...... iwaewt 20OR 
Protoxide of platinum...... 72°42 
10000 


Numbers which approach very near the experimental result 
of Mr. E. Davy. 

Sp. 2. Sulphate of potash-and-platinum. When an aqueous 
solution of sulphate of platinum is neutralized by potash, and 
boiled for a few minutes, a dark-brown substance falls and the 
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liquid remains colourless. This precipitate constitutes the 
salt in question. 

It is a dark-brown or black substance, in grains not unlike 
those of gunpowder. It has a considerable lustre like that of 
blende. Its feel is harsh. It is tasteless, insoluble in water, 
not altered by exposure to the air, and not affected by boiling 
nitric acid. It is readily soluble in boiling muriatic acid; but 
nitro-muriatic acid has but little action on it. It is insoluble 
in boiling sulphuric, phosphoric, and acetic acids. Ammonia 
does not act on it. When boiled in solution of potash no ap- 
parent effect is produced ; but if the solution be boiled to dry- 
ness, and heated, two distinct compounds appear to be formed. 
The one yellow, and the other olive. It is insoluble in alcohol 
and ether. In a red heat it is decomposed; oxygen, platinum, 
and sulphate of potash being produced. ‘The constituents of 
this substance, according to the analysis of Mr. KE. Davy, 
are as follows: 

Protoxide of platmum “.vs....... 70°32. 
Sulphate Of potas... 6.2. sess eee AO OE 
bi eins semiee pe epand pate .. 10°84 


100°00 


This must be admitted to be a very extraordinary com- 
pound, and seems hardly entitled to the name of a salt. Its 
constituents must be 


6 atoms of protoxide .......... 77°97 
1 atom sulphate of potash ...... 10°89 
PO ALONIS BVAUCT. (3 2c ats gee ee Liei4 


Sp. 3. Soda-sulphate of platinum. ‘This substance may be 
obtained by the same process as the preceding species, by 


merely substituting soda for potash. Its properties are quite — 


similar, and, therefore, do not require a particular description. 
Its constituents, according to the analysis of Mr. E. Davy, 
are as follows: 


Protoxide of platinum ...... Sais OS 16 
Sulphate of odes, L502 Ae 711 
Water (ooo ia RAP ie IORI ce 8°73 

100°00 


Hence it must be a compound of 
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8 atoms protoxide.........- 83°83 
1 atom sulphate of soda .... 7°18 
10 atoms wateb. 2878. 205.019 SPUD 


100°00 


Sp. 4. Ammonio-sulphate of platinum. This species is formed 
like the two preceding, by neutralizing an aqueous solution of 
sulphate of platinum with ammonia, and boiling for a few 
minutes. The substance in question precipitates, and may be 
washed and dried. 

It has a light-brown colour, and is in powder or loosely ag- 
erecated lumps. It is tasteless, insoluble in water, and not 
altered by exposure to the air. It dissolves in muriatic acid, 
and in sulphuric acid when assisted by heat. When nitric 
acid is boiled upon it, the substance is decomposed, and a 
black matter remains. It is insoluble in acetic acid, and very 
slightly soluble in phosphoric acid. It is decomposed by be- 
ing boiled in a solution of the fixed alkalies. When heated, 
it is decomposed with a kind of imperfect detonation. Mr. 
E. Davy did not analyze it with precision, but infers, from an 
experiment, that its constituents are 


- 


Oxide of platinum ............ 70 
Sulphate of ammonia and water.. 30 


ee 


100 


Sp. 5. Sulphate of barytes-and-platinum. When a solution 
of muriate of barytes is poured into aqueous sulphate of pla- 
tinum, a brown precipitate falls, which is the substance in 
question. It is tasteless, insoluble in water, and in boiling 
muriatic and nitric acids. Warm nitro-muriatic acid dis- 
solves it, and so does sulphurié acid at a boiling temperature. 
It is not decomposed by the alkalies. When heated to red- 
ness, it gives out only water; no gas whatever is evolved. 
Mr. E. Davy, to whom we are indebted for these facts, did 
not analyze this compound. 

Sp. 6. Sulphate of alumina-and-plaiinum. When muriate 
of alumina is poured into sulphate of platinum a gelatinous 
brown precipitate falls, which is the salt in question. It isa 
black shining powder, insoluble in water, and not altered by 
exposure to the air. It is insoluble in the cold mineral! acids, 
and only slightly acted on by these acids at a boiling tem- 
perature. When heated to redness, it gives out merely water, 
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and becomes lighter coloured. It contains at least 27 per cent. 
of water; but Mr. E. Davy, to whom we are indebted for the 
preceding facts, did not analyze it. 


i ie 


None of the other salts of platinum have been hitherto 
examined. 


SECT. XXXIV. 
SALTS OF PALLADIUM. 


Patiapium has been so recently discovered, and is so scarce 
and difficult to procure in a state of purity, that an exact know- 
ledge of the salts which it forms cannot be expected. ‘To Dr. 
Wollaston and Mr. Chenevix we are indebted for all the facts 
respecting them hitherto published. They may be distinguish-: 
ed by the following properties : 

1. They are almost all insoluble in water, and the colour of 
the solution is a fine red. 

2. Ferrochyazate of potash occasions an olive, or rather a 
dirty yellowish-brown precipitate. 

8. Hydrosulphuret of potash occasions a blackish-brown 
precipitate. 

4. The alkalies occasion an orange-coloured precipitate. 

5. Mercury and sulphate of iron throw down the palladium 
in the metallic state. 

6. Muriate of tin renders the solution opaque by throwing 
down a brown precipitate; but if the solution be sufficiently 
diluted, it assumes a fine emerald green colour. 

Neither nitrate of potash nor sal ammoniac occasions any 
precipitate. 

Sp. 1. Nitrate of palladium. When palladium is put into 
a strong colourless nitric acid, the liquid gradually acquires 
a red colour; but the action of the acid is extremely slow, no 
nitrous gas whatever being extricated. This fact, hitherto 
unique in the history of the action of metals on nitric acid, 
explains in some measure the slowness of the action of the 
acid; and that circulation of the fluid which takes place during 
the solution of other metals is wanting. When the acid con- 
tains nitrous gas the action is more rapid.* ‘The nitrate of 


* Wollaston on the Discovery of Palladium, Phil. Trans. 1805. 
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palladium, thus formed, is of a dark-red colour; by evapa- chap. u. 
ration it yields a red matter, which is probably in the state of 
subnitrate. 

Sp. 2. Muriate of palladium. Muriatic acid acts slowly o. muriate. 
upon palladium when assisted by heat, and assumes a fine red 
colour; but the true solvent of this metal is nitro-muriatic 
acid, which attacks it with great violence, and forms a beau- 
tiful red solution* The properties of the salt thus formed 
have not been examined. 

Sp. 3. Sulphate of palladium. Sulphuric acid boiled upon 3. Sulphate. 
palladium acquires a beautiful red colour, and dissolves a 
portion of the substance; but the action of this acid is not 
very powerful. The properties of the salt thus formed have 
not been examined. 

Sp. 4. Muriate of palladium-and-soda. When a solution of 
common salt or of soda is poured into muriate of palladium, no 
precipitate is separated, and by evaporation a triple salt is 
obtained, which is soda-muriate of palladium. ‘This salt de- 
liquesces when exposed to the air, a property which sufficiently 
distinguishes it from soda-muriate of platinum; for this last 
salt forms permanent crystals. 

Sp. 5. Muriate of palladium-and-potash. When nitrate of 
potash is dissolved in muriatic acid, a liquid is formed, which 
acts readily upon palladium, but not upon platinum ; because 
the muriate of platinum-and-potash is scarcely soluble in 
water, whereas the muriate of palladium-and-potash is re- 
markable for its solubility. ‘The proportion which Dr. Wol- 
laston, to whom we are indebted for the discovery, found to 
answer best, was 5 parts of acid diluted with its bulk of water 
and 1 part of nitre. The solution of palladium thus formed, 
which is of a deep-red, by evaporation yields crystals of mu- 
riate of palladium-and-potash. They are very soluble in 
water, but insoluble in alcohol. ‘They are in the form of four- 
sided prisms, and present a curious contrast of colour. When 
viewed transversely they are of a bright green: but when 
viewed in the direction of their axes, their colour is the same 
as that of the solution: on account of its extreme intensity, 
however, this colour is with difficulty distinguished in frag- 
ments that exceed —1—th of an inch in thickness. When the 


100 


* Chenevix on Palladium, Phil. Trans. 1803. + Chenevix, ibid. 
t Wollaston on a New Metal found in Crude Platina. Phil. Trans. 
1804, - 
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crystal is viewed obliquely it is of a dull-brown, arising from: 
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Sp. 6. Muriate of palladium-and-ammonia. This triple salt, 
like the last species, is very soluble in water, which dis- 
tinguishes it sufficiently from the muriate of platinum-and- 
ammonia. Hence palladium is not thrown down from its 
solutions by sal anmoniac. This salt, according to Dr. Wol- 
laston, resembles the last species in every respect. 


Sp. 7. Ferrochyazxate of palladium. When prussiate of 


mercury is poured into any neutral solution containing palla- | 


dium, a flocculent precipitate of a pale yellow colour is gra- 
dually thrown down. This precipitate is prussiate of palladium, 


It is insoluble in water, and differs somewhat in its properties — 


in different circumstances. In general, it is affected by heat, 
like other prussiates; but when the palladium has been dis- 
solved in nitric acid, and precipitated from such a neutral 
solution by prussiate of mercury, the precipitate thus formed 
has the property of detonating when heated. The noise is 
similar to that occasioned by firing an equal quantity of gun- 
powder, and accordingly the explosion is attended with no 
marks of violence unless occasioned by close confinement. 
The heat requisite for the purpose is barely sufficient to melt 
bismuth. The light produced is feeble, and can be seen only 
in the absence of all other light.+ 


SECT. XXXYV. 
SALTS OF RHODIUM. 


'TuxE properties of the salts belonging to this genus are toe 
imperfectly known to admit of a detailed description. Dr. 
Wollaston examined them, only so far as to show that their 
base is the oxide of a peculiar metal. A few additional facts 
have been stated by Berzelius. They may be distinguished 
by the following properties : 

1. The solution of them in water is red. 

g. Ferrochyazate of potash occasions no precipitate. 

3. Neither is any precipitate produced by hydrosulphuret 
of potash. 


* Wollaston on a New Metal from Crude Platina. 
+ Wollaston on the Discovery of Palladium. 


j 


SALTS OF RHODIUM. 685 


4. Neither sal ammoniac nor the alkaline carbonates occa- Chap. I. 
sion any precipitate; but the pure alkalies throw down a yel- 
low powder soluble in an excess of alkali. 

Sp. 1. Nitrate of rhodium. The oxide of rhodium dissolved 1. Nitrate. 
in nitric acid forms a red solution which does not crystallize. 

Sp. 2. Muriate of rhodium. 'The oxide of rhodium forms 
a Yose-coloured solution in muriatic acid. It does not crystal- 
lize; but the residuum is soluble in alcohol. Sal ammoniac, 
nitre, and common salt, cause no precipitation, but form triple 
salts, which are insoluble in alcohol. 

3. Soda-muriate of rhodium. This triple salt, which has 
the taste of sulphate of soda, forms rhomboidal crystals, of 
which the acute angle is about 75°. They have a very dark- 
red colour, are not altered by exposure to the air. They dis- 
solve readily in 11 part of water, but not in alcohol. 

Sp. 4. Sulphate of rhodium. When hydrosulphuret of am- 4- Sulphate. 
monia is mixed with soda-muriate of rhodium and heat ap- 
plied a sulphuret of rhodium precipitates. When this sul- 
phuret is treated with fuming nitric acid, it is converted into 
persulphate of rhodium, part of which dissolves in the acid, 
and ancther portion remains in the state of a black powder. 
When the whole nitric acid is driven off, the persulphate of 
rhodium remains behind. It deliquesces in the air and as- 
sumes ared colour. When dissolved in water and evaporated 
to dryness, it does not become black as at first, but a syrupy 
matter of an orange-colour which swells up in a greater heat 
and becomes spongy like calcined alum. In that state it dis- 
solves slowly in water, and after two or three days is entirely 
dissolved in that liquid if left in contact with it. Caustic 
potash precipitates from it a pale yellow substance, which ap- 
pears to be a triple subsulphate. 

When exposed toa cherry-red heat sulphuric acid and oxygen 
gas are disengaged, leaving behind a black insoluble powder. 
This powder, according to Berzelius, is a protosulphate of 
rhodium.* 


* Berzelius, Annals of Philosophy, ili. 256. 
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SCL. wo VI 
SALTS OF IRIDIUM. 


Tus genus of salts is still less known than the former. We 
are indebted to the French chemists, and to Mr. Tennant, for 
all the facts hitherto detailed. 

1. The salts of iridium appear to be soluble in water, and 
to have a colour at first green, but which changes to red by 
concentrating the solution in an open vessel. 

2. Neither ferrochyazate of potash nor the infusion of nut- 


galls occasions any precipitate; but both render the solution. 


colourless. 

3. ‘They appear to be partially precipitated by sal ammo- 
niac; since Descotils has shown that the red colour which the 
muriate of platinum-and-ammonia sometimes assumes, is to be 
ascribed to the presence of iridium. 

The only salt of iridium hitherto examined is the muriate. 
The solution of iridium in muriatic acid by slow evaporation 
yielded an imperfectly crystallized mass, whieh being dried on 
blotting paper and re-dissolved, formed by evaporation octa- 
hedral crystals of a red colour. These crystals dissolved in 
water, and formed a deep red solution inclining to orange. 


SECT. XXXVII. 


SALTS OF TELLURIUM. 


THE oxide of tellurium stands as it were intermediate be- 
tween the acids and the salifiable bases. It is capable, like 
acids, of combining with salifiable bases, and forming with them 
neutral salts, It is capable likewise of combining with acids 
as the salifiable bases do, and of forming with them neutral 
salts. We have therefore two genera of salts of tellurium. 
1. Salts in which the oxide of tellurium acts the part of an 
acid. 2. Salts in which the oxide of tellurium acts the part 
of a base. I shall describe these two genera separately, after 
giving the characters by which the salts of tellurium may be 
recognised. 

The salts of tellurium may be distinguished by the following 
properties : 
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1. Alkalies, when dropped into their solution, Occasion a chap. 1. 
white precipitate, which disappears again if the alkali be added bias nae 8 
in excess. \ 

2. Ferrochyazate of potash occasions no precipitate. 

3, Hydrosulphuret of potash occasions a brown or blackish 
precipitate. 

4, The infusion of nut-galls occasions a flaky precipitate of 
a yellow colour. 

5. Zinc, iron, and antimony, when plunged into these solu- 
tions, occasion the tellurium to separate in the state of a black 
powder, which resumes its metallic brilliancy when rubbed.* 


GENUS I. SALTS IN WHICH THE OXIDE OF TELLURIUM 
ACTS THE PART OF AN ACID. 


These salts have been hitherto examined only by Berzelius, 
and his examination was but imperfect, owing to the small 
quantity of tellurium in his possession. ‘The following are the 
facts which he ascertained : 

1. Tellurate of ammonia. When oxide of tellurium is di- 
gested in ammonia it dissolves. As the solution cools it depo- 
sites a white powder, which is tellurate of ammonia.t 

2. Tellurate of potash. If oxide of telluriuam be mixed with 
nitre, and the mixture be exposed to heat, the nitre at first 
melts without acting on the oxide. But at the temperature in 
which the oxide begins to liquify, it decomposes the saltpetre 
with a violent effervescence, the nitric acid is driven off, and 
the oxide dissolves in the potash. ‘The mass when cold very 
much resembles an enamel. It dissolves in boiling water and 
the solution on cooling deposites an imperfectly crystallized 
white powder. ‘This is tellurate of potash. It dissolves in 
small quantity in cold water and in much greater proportion 
in boiling water. The hot solution deposites the salt in pow- 
der on cooling. It has a slight metallic taste and acts feebly 
as an alkali on vegetable blues. f 

3 and 4. Tellurate of lime and barytes. White powders 
formed by dropping tellurate of potash into muriate of lime or 
of barytes.§ 

5. Tellurate of copper. Tellurate of potash occasions a beau- 
tiful emerald-green precipitate when dropped into sulphate of 


* Klaproth’s Beitrage, iii. 1; and Crell’s Annals, 1798, 1. 98. 
+ Berzelius, Nicholson’s Journal, xxxvi. 131. 
$ Lbid. 130. § Ibid. 131. 
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Division Il. if gives out water and becomes black. When more strongly 


heated it melts into a black glass. When heated on red-hot 
charcoal it is reduccd with detonation like nitre and leaves an 
alloy of tellurium and copper of a pale red colour.* 

6. Remaining tellurates. Tellurate of potash precipitates 
persulphate of iron red, and solutions of zinc, mercury, lead, 
silver, and manganese whiie.+ | 

Tellurate of lead isa whitish powder. When heated it loses 
its water of combination, and becomes yellow. In a little 
higher temperature it fuses and forms a semitransparent mass 
similar to chloride of lead. This tellurate according to the. 
experiments of Berzelius is composed of 


Oxide of telluriam. .....s<222'2 
Protoxide or léad’ >. .*.'...- 57°8 


If we suppose it a compound of 2 atoms oxide of tellurium 
and 1 atom of protoxide of lead, its composition will be 


Oxide of tellurium...... 41°66 
Protoxide of lead ...... 58°33 


. 100°00 


The salt of course is a bitellurate. 


GENUS II.—SALTS WITH BASE OF TELLURIUM. 


Berzelius found that oxide of tellurium combines with sul- 
phuric, muriatic, and nitric acids, and forms with them neu- 
tral salts. The following are the facts which have been as- 
certained respecting the action of these acids on tellurium. 

1. Nitrate of tellurium. Nitric acid dissolves tellurium with 
facility. The solution is colourless, and not rendered turbid 
by water. It yields, when concentrated, small, white, light, 
needle-form dendritical crystals. | 

2. Muriate of tellurium. Nitromuriatic acid dissolves tel- 
lurium readily. The solution is transparent; but when diluted 
with water, it lets fall the oxide of tellurium in the state of a 
white precipitate, which is re-dissolved on adding more water. 


* Berzelius, Nicholson’s Journal, xxxvi. 131. 
+ Ibid. { Ibid. 132. § Ibid. 130. 
| Crell’s Annals, 1798, 1. 98. 
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‘When the solution is precipitated by alcohol, and sufficiently chap. u. 


washed, the white powder contains but a very small proportion 
of acid.* 

3. Sulphate of telluriwm. When one part of tellurium is 
confined with 100 parts of sulphuric acid in a close vessel, it 
dissolves and gives the acid a crimson colour. When water 
is dropped into the acid, the red colour disappears, and the 
metal is precipitated in black flakes. When heated, the co- 
lour equally disappears, and the metal precipitates in the state 
of a white powder. Diluted sulphuric acid, mixed with a lit- 
tle nitric acid, dissolves a considerable portion of tellarium, 
the solution is colourless, and no precipitate is produced in it 
by water.+ 


SECT. X XXVIII. 
SALTS OF ANTIMONY. 


Tue protoxide of antimony is capable of uniting with acids 
and forming salts; while its deutoxide and peroxide possess 
acid properties. Hence the salts of antimony might be divided 
into three genera, corresponding to the three oxides which the 
metal forms. But I thought it better to describe the antimo- 
niates and antimonites while treating of the different bases with 
which antimonious and antimonic acid combine. Here there- 
fore I have only to describe the few known salts that contain 
protoxide of antimony. 

Antimonial salts may be distinguished by the following pro- 
perties : 


1. Their solutions are usually of a brownish yellow colour, characters. 


and in most cases a white precipitate falls when they are di- 
luted with water. 

2. Ferrochyazate of potash occasions a white precipitate 
when dropped into these solutions. This precipitate is merely 
the oxide of the metal precipitated by the water of the ferro- 
chyazate. When applied sufficiently concentrated, or in crys- 
tals, no precipitation takes place. In this property antimony 
agrees with platinum. t 

3. Hyurosulphuret of potash occasions an orange-coloured 
precipitate. 

4. Gallic acid and the infusion of nut-galls occasion a white 


* Klaproth’s Beitrage, 111. 13. t Crell’s Annas, 1798, 1. 98. 
{ Klaproth, Crell’s Annals, 1798, 1. 99. 
VOL. Et, oe 
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Division IL. by the water of the infusion. 


Tartar 
emetic. 


Histery. 


Prepara- 
tion. 


5. When a plate of iron or zinc is plunged into antimonial 
solutions, a black powder precipitates in great abundance, and 
very speedily when there is an excess of acid, and the solution 
is not too much concentrated. 

Neither nitric, sulphuric, phosphoric, or carbonic acid form 
salts with protoxide of antimony, at least we are not acquainted 
at present with any such combinations. ‘The most important, 
and indeed the only well-known antimonial salt, is the fol- 
lowing : | 

Sp. 1. Tartrate of potash-and-antimony. "This salt, usually 

denominated tartar emetic, is much more employed in this 
country as a medicine than all the other antimonial prepara- 
tions put together. It was first made known by Adrian de 
Mynsicht in his Thesaurus Medico-Chymicus, published in 
1631. But the preparation was in all probability suggested by 
a treatise, entitled Methodus in Pulverem, published in Italy 
in 1620. This book, written by Dr. Cornachinus, gives an 
account of the method of preparing a powder which had been 
invented by Dudley Earl of Warwick, and which had ac- 
quired great celebrity in Italy in consequence of the wonder- 
ful cures which it had performed. ‘This powder was composed 
of scammony, sulphuret of antimony, and tartar, triturated 
together. The extraordinary effects which it produced would 
naturally draw the attention of chemists to the combination of 
antimonial preparations with tartar. 
Tartar emetic was first prepared by boiling together tartar 
and the crocus metallorum,* as it was called, in water, filtering 
the solution, and evaporating it till it yields crystals :- glass of 
antimony was afterwards substituted for the crocus. But it 
would be needless to enumerate the various methods which 
have been adopted according to the fancy of different opera- 
tors. ‘These methods have been collected by Bergman, and 
are described by him in his treatise on Antimoniated Tartar.> 
The processes followed in London may be seen in Mr. 
Philips’ Experimental Examination of the Pharmacopeea Lon- 
dinensis, p. 58. 


* An impure hydrosulphuret, formed by detonating in a crucible equal 
weights of sulphuret of antimony and nitre, and washing the residuum in 
water till the liquid comes off tasteless. 

+ Opusc. i. 338. 
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At present, the glass of antimony, or the protoxide of an= Chap. Ir. 
timony, are usually employed. Lither of these is mixed with 
its own weight of tartar, and the mixture boiled in ten or 
twelve parts of water, till the tartar be saturated. The solu- 
tion is then filtered and evaporated till a pellicle forms on its 
surface. On cooling it deposites regular crystals of tartar 
emetic. Thenard has observed, that there always remains in 
the solution a quantity of uncombined tartrate of potash; it 
ought not therefore to be evaporated too far, otherwise the 
crystals of that salt will mix with those of the tartar emetic.* 

Tartar emetic is of a white colour, and crystallizes in re- Properties. 
gular tetrahedrons. When exposed to the air, it gradually 
loses its transparency and effloresces. It is soluble im 147 
parts of cold water, and in about two parts of boiling water.+ 
Heat decomposes it by destroying the acid, while the potash 
and oxide of antimony remain behind. It is decomposed by 
the alkaline earths, by the alkalies and their carbonates, and by 
the hydrosulphurets, and several of the metals. It is decom- 
posed also by the decoctions of plants, particularly those that 
are astringent and bitter, as Peruvian bark, &c. Consequently 
it never ought to be given in conjunction with any of these 
bodies. 

Mr. Philips informs us that 100 parts of tartar are capable 
of dissolving 66 parts of protoxide of antimony. From this 
statement, compared with my analysis of tartar, it follows that 
tartar emetic is a compound of 


Tartaric acid «;....« ie. 44°21 
Protoxide of antimony .. 39°76 
Me Sree ee as 16°03 

100°00 


Now if we suppose the salt a compound of 2 atoms tartaric 
acid, 2 atoms protoxide of antimony, and 1 atom of potash, 
its composition will be 


Tartaric acid ..... evsas 46°55 
Protoxide of antimony .. 36°81 
T OASIE-. 5 ek oes Pie’ soo, OOO 
100°00 
* Ann. de Chim, xxxvil. 39. + Buckhal, Ann. de Chim. xlix. 70. 
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Book. The salt therefore seems to be a compound of 1 atom of tar- 


, Division If, 


\ ‘trate of potash, and 1 atom of subtartrate of antimony. 

I conceive it to be worth while to state the following facts 
respecting the action of the vegetable acids on antimony, 
though some of them would require to be re-examined. 

Other salts, Sp. 2 Acetate of antimony. Acetic acid has little or no ac- 
tion on antimony; but it dissolves a small portion of its oxide, 
as Morveau has shown, and the solution, according to Wen- 
zel, yields small crystals.* ‘This salt is soluble in water, and 
was employed by Angelus Sala and some subsequent physicians 
as an emetic.t 

Sp. 3. Succinate of antimony. Succinic acid does not at- 
tack antimony, but it dissolves a portion of its protoxide, and 
forms a salt which has not been examined. 

Sp. 4. Benxoate of antimony. Benzoic acid readily dissolves 
the oxide of antimony, and the solution yields crystals, which 
remain dry when exposed to the air, and are decomposed by 
heat. 

Sp. 5. Oxalate of antimony. Oxalic acid scarcely attacks 
antimony; but it dissolves a small portion of its oxide. The 
solution yields by evaporation small crystalline grains difficultly 
soluble in water. The same salt is precipitated by adding 
oxalic acid to the solution of antimony in acetic or sulphuric 
acid; but oxalic acid occasions no precipitate in butter of an- 
timony.§ 

Sp. 6. Tartrate of antimony. ‘Tartaric acid has no action 
on antimony, but it dissolves a small portion of its oxides. The 
solution scarcely crystallizes; but easily assumes the form of a 


jelly. || 


SECT. XXXIX. 
SALTS OF TITANIUM. 


For all that is at present known respecting this genus of 
salts we are indebted to the experiments of Gregor, Klaproth, 
Vauquelin, and Hecht. The salts of titanium may be distin- 
guished by the following properties : 

Character, 1, They are in general colourless, and in some degree solu- 
ble in water. 


* Verwandtschaft, p. 158. + Encyc. Method. Chim. i. 6. 
t Trommsdorf, Ann. de Chim. xi. 317. 
§ Bergman, i. 271. | Ibid. 


SALTS OF TITANIUM. 


693 


2. The alkaline carbonates occasion in these solutions a white Chap. 1 


flaky precipitate. 

3. Ferrochyazate of potash occasions a grass-green precipi- 
tate mixed with brown. When an alkali is dropped in after 
the ferrocyhazate, the precipitate becomes purple, then blue, 
and at last white. 

4. Hydrosulphuret of potash occasions a dirty glass-green 
precipitate. Sulphuretted hydrogen gas occasions no pre- 
cipitate. 

5. The infusion of nut-galls occasions a very bulky reddish- 
brown precipitate. If the solution 1s concentrated, it assumes 
the appearance of curdled blood. 

6. When a rod of tin is plunged into a solution of titanium, 
the liquid around it gradually assumes a fine red colour. A 
rod of zinc, on the other hand, occasions a deep blue colour.* 


Sp. 1. Nitric acid has no action on the red oxide of tita- Nitrate. 


nium, and scarcely any upon the metal; but it dissolves the 
carbonate, provided heat be applied; and the solution yields, 
by evaporation, transparent crystals, in the form of elongated 
rhombs, having two opposite angles truncated, so as to repre- 
sent six-sided tables. According to Vauquelin and Hecht, 
this solution only succeeds when the metal is combined with a 
minimum of oxygen. 


Sp. 2. Muriatic acid dissolves titanium; but it has no effect Muriate. 


upon its red oxide. The carbonate of titanium is readily dis- 
solved by this acid; and the solution, according to Klaproth, 
yields transparent cubic crystals. According to Vauquelin 
and Hecht, the solution is yellow, and assumes the form of a 
jelly when evaporated. Heat occasions the emission of chlo- 
rine, and the oxide precipitates, and Is no longer soluble in 
muriatic acid, unless it be boiled in nitric acid. Hence they 
conclude, that the muriate contains titanium combined with a 
maximum of oxygen, and that the protoxide 1s incapable of 
uniting with muriatic acid. 


Sp. 3. Boiling sulphuric acid oxidizes titanium, and dissolves sutphate. 


a small portion of it; but on the red oxide of titanium that 
acid has no action whatever. It dissolves the carbonate of that 
metal with effervescence, occasioned by the emission of carbo- 
nic acid. The solution, when evaporated, is converted into a 
white opaque gelatinous mass. 

Sp. 4 and 5. When the phosphoric or arsenic acid is drop- 


* Klaproth’s Beitrage, 1. 233. 
by 


694 


Book If. 
Division If. 


Carbonate. 


HYDROSULPHURETS. 


ped into the solution of titanium in acids, it occasions a white 
precipitate. 

Sp. 6. When one part of red oxide of titanium and six parts 
of carbonate of potash are melted together in a crucible, the 
mass, when washed sufficiently with water, leaves a white pow- 
der, with a slight red tinge, which Vauquelin and Hecht have 
ascertained to be carbonate of titanium. According to the 
experiments of these chemists, it is composed of 


75 white oxide 
25 carbonic acid 


aos 


100 


Sp. 7 and 8. Oxalic and tartaric acids likewise occasion a 
white precipitate, but it is redissolved again almost as soon as 
formed,* 


CHAP. Ii. 


OF THE COMBINATIONS OF SULPHURETTED HYDROGEN WITH 
BASES. . 


Sutpuur and hydrogen combine in two proportions at 
least, and form two compounds which have been distinguished 
by the names of sulphuretted hydrogen and bisulphuretted hy- 
drogen. . 

Stlphuretted hydrogen possesses the characters of an acid, 
as was first shown by Mr. Kirwan, and afterwards more 
fully by Berthollet. ‘he Germans in consequence have given 
it the name of hydrothionic acid,+ and Gay-Lussac calls it hy- 
drosulphuric acid.{ But as these new terms, especially the 
last, are likely to lead to confusion, I shall still retain the old 
name, which is precise, and cannot mislead. 

Water saturated with this gas becomes whitish and depo- 


* Jour. de Min. No. xv. p. 1. 

+ From hydrogen, and $eov, sulphur. 

{ This is the name by which Sir H. Davy distinguishes common sulphu- 
ric acid of the shops. But such a distinction is surely unnecessary, as every 
body is aware of the presence of water in that body. Were Sir Humphry’s 
method to be followed out, we should say hydroalcohol, hydrosulphate of 
soda, hydrosoap, hydrosugar ; in short we should lengthen out nine-tenths 
of all cheimical names by prefixing to them the two syllables hydro. 
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sits a little sulphur, but the gas is not decomposed. The ad- Chap. ut. 


dition of sulphurous acid immediately throws down abundance 
of sulphur. So does nitric acid and chlorine. 

Sulphuretted hydrogen gas precipitates the metals which 
have but a weak affinity for oxygen from all their acid solu- 
tions in the state of sulphurets. But the metals which have a 
strong affinity for oxygen, and are capable of decomposing 
water, namely, 


1. iron, 2. Nickel, 3. Cobalt, 
4. Manganese, 5. Uranium, 6. Cerium, 
7. Titanium, 


are not precipitated when held in solution by the strong mine- 
ral acids. But they are imperfectly precipitated, as Gay- 
Lussac has shown, when they are held in solution by acetic 
acid, or any other vegetable acid, and the precipitation 
becomes complete when acetate of potash is at the same time 
added to the solution.* 

The metallic solutions differ considerably in the facility with 
which they afford precipitates with sulphuretted hydrogen ; 
and Mr. Proust has shown that, with a little address, metals 
may, in many cases, be separated from each other by means 
of this agent. For instance, if copper, lead, zinc, and iron, 
be held in solution together in nitric acid, sulphuretted hydro- 
gen first separates the copper in the form of a black precipi- 
tate, which may be removed by filtration; next the lead; and 
lastly, the zinc; while the iron still continues in solution. 
The different metals may be distinguished by the colour of the 
precipitate which their solutions yield with sulphuretted hy- 
drogen. The colours of these different precipitates may be 
seen in the following table : 


Gold and Platinum .......... Reduced 


vel. 5 fia ccaooive-nalee fom aet ..- Black 

DCE CEG miata anid vie scien 4 care), Sek 
Palladmm:..7s.. seen tetas Date browR 
CODEN cies stands nam atiens 43-0 has, Ck 
(eae re ee pee bics.4.4 4g DIOW A 
ML. . Sw nile whe ae ee kt Jae plack 

ek oe a! oa Pt (eee SP MO he White 
EP ew Uris ee ere ».i. Black 
Antimony ...... haps dhs, < a, Awe oh A 


* Ann. de Chim. lxxx. 205. + Jour, de Phys. li. 174. 
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mercemes C624 be ee Bae ie Yellow 
mSlVodentin hy ge Aes Chocolate 


Bisulphuretted hydrogen was first observed by Scheele ;¥ 
and Berthollet,+ who first examined its nature, has given it 
the name of hydroguretted sulphur. 

When liquid potash and sulphur are boiled together, a 
brown-coloured solution is obtained, formerly known by the 
name of liquid hepar sulphuris. If this liquid be poured by 
little and little into muriatic acid, scarcely any sulphuretted 
hydrogen gas is exhaled, but hydroguretted sulphur gradu- 
ally precipitates to the bottom of the vessel, under the form of 
a yellowish brown oil. ‘This substance, when heated, easily 
allows the sulphuretted hydrogen gas to exhale, and is con- 
verted into sulphur. The same change takes place when it is 
exposed to the open air. 

The easiest method of procuring this substance, according 
to Proust, is to pour into a phial about 4d of its capacity of 
muriatic acid, of the specific gravity 1°07, add about an equal 
bulk of the liquid hepar, cork the phial and shake it, the hy- 
droguretted sulphur gradually separates.t 

Sulphuretted hydrogen is a compound of 1 atom hydrogen 
and 1 atom sulphur. Hydroguretted sulphur has not been 
analysed ; but it is probably a compound of 1 atom hydrogen, 
and 2 atoms sulphur. The compounds formed by the union 
of sulphuretted hydrogen and bases, have been called hydro- 
sulphurets,§ those of hydroguretted sulphur and bases have 
been called hydroguretted sulphurets. 1 shall describe both of 
hese compounds in this chapter, as far as our imperfect 
knowledge of the subject will permit. 


SECT. I. 
OF HYDROSULPHURETS. 


SULPHURETTED hydrogen combines with alkalies and earths, 
and forms with them compounds which may be distinguished 
by the following properties : 


* Scheele on Fire, p. 192. Eng. Trans. + Ann. de Chim. xxv. 247. 

{ Jour. de Phys. lix. 270. I have never myself been able to procure it by 
this process. 

§ Gay Lussac calls them hydrosulphates. 
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1. They are all soluble in water, and the solution is colour- chap. 1. 
less. 

2. When the solution is exposed to the air, it becomes 
green or greenish yellow. 

3. After long exposure to the air, the solution becomes 
limpid and colourless; and on examination is found to con- 
tain only the sulphite and hyposulphite of the base of the ori- 
ginal hydrosulphuret. 

4. ‘The solution of the bydrosulphurets precipitates all me- 
tallic solutions: iron and lead, black; antimony, orange; ar- 
senic, yellow.* | 

The hydrosulphurets may be formed by dissolving or mix- How form- 
ing the bases respectively with water, and causing sulphuretted *” 
hydrogen gas to pass through them till they refuse to absorb 
any more. ‘The excess of the gas is driven off by heating the 
solution. It is proper to cause the sulphuretted hydrogen 
gas to pass through a small vessel of water before it reaches 
the base with which it is to combine, in order to separate any 
impurities with which it might be mixed. By this method 
solutions of the different hydrosulphurets in water may be 
obtained. 

If these compounds be decomposed while they are colour- 

Jess, by pouring upon them sulphuric acid, muriatic acid, or 
any other acid which does not act upon hydrogen, the sul- 
phuretted hydrogen gas exhales without the deposition of a 
single particle of sulphur; but if the hydrosulphuret has be- 
come yellow, some sulphur is always deposited during its de- 
composition, and the quantity of sulphur is proportioned to 
the deepness of the colour. 

The yellow colour, therefore, which hydrosulphurets acquire 
by exposure to the atmosphere, is owing to a commencement 
of decomposition. Part of the hydrogen of the sulphuretted 
hydrogen abandons the sulphur, combines with the oxygen of 
the atmosphere, and forms water. By degrees, however, a 
portion of the sulphur is also converted into an acid; and 
when the proportion of sulphuretted hydrogen is diminished, 
and that of the sulphur increased to a certain point, the sul- 
phur and the hydrogen combine equally with oxygen. 


Properties. 


* When the hydrosulphurets are kept in glass phials, the inside of the 
vessel is gradually coated with a black crust. This, as I am informed by 
Dr. Henry, consists of a portion of the lead from the glass, reduced to the 
metallic state, and combined with sulpbur. 
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If sulphuric or muriatic acids be poured upon a hydrosul- 


; phuret after it has been for some time exposed to the air, a 


quantity of sulphuretted hydrogen ‘gas exhales, sulphur is de- 
posited, and after an interval of time sulphurous acid is disen- 
gaged. It is, in fact, hyposulphurous acid, which is formed 
while the hydrosulphuret spontaneously absorbs oxygen. 

Sp. 1. Hydrosulphuret of ammonia. ‘This compound is easily 
procured by passing a current of sulphuretted hydrogen 
through liquid ammonia. ‘The solution very readily assumes 
a greenish-yellow colour. When equal parts of lime, sal am- 


moniac, and sulphur, are distilled in a retort, a yellow liquid — 


is obtained, usually distinguished by the name of fuming liquor 
of Boyle, because first prepared by that philosopher. ‘This 
liquid constantly emits white fumes, and has a strong ammo- 
niacal and fetid odour. Berthollet ascertained that it owed 
its property of emitting fumes to a quantity of uncombined 
alkali. It consists chiefly of hydrosulphuret of ammonia hold- 
ing an excess of sulphur. This liquid gradually loses the pro- 
perty of fuming, and deposits likewise its excess of sulphur. It 
is then a hydrosulphuret of ammonia nearly pure. 

Pure hydrosulphuret of ammonia may be obtained by caus- 
ing sulphuretted hydrogen gas and ammoniacal gas to pass 
into a bottle surrounded with ice. It crystallizes in needles, 
and is transparent and colourless. It is very volatile, and, 
when kept in a bottle, sublimes gradually to the top of the 
vessel, where it crystallizes in long transparent plates. By 
this spontaneous volatilization, it is easily freed from any im- 
purities with which it may be mixed. When exposed to the 
air, it speedily becomes yellow.* If we suppose hydrosulphu- 
ret of ammonia, as is probable, composed of 1 atom sulphu- 
retted hydrogen and 1 atom ammonia, its constituents will be 


Sulphuretted hydrogen..... 2°125 ...... 50 
PS PYRO vg aot eouiees avian taeda ne we 9°195 oe eo e @ 50 


100 


An integrant particle of it will weigh 4°25, and will contain 
6 atoms; 4 of hydrogen, 1 of sulphur, and 1 of azote. 

Sp. 2. Hydrosulphuret of potash. This compound may be 
procured by saturating potash with sulphuretted hydrogen; 
but it is formed also during the solution of sulphuret of pot- 


* Thenard, Ann. de Chim. Ixxxiu. 134. 
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ash, and may be obtained by evaporation. Its properties have chap. mt. 
been described by M. Vauquelin. It is transparent and co- “~~~ 
lourless, and crystallizes in large prismatic crystals, not unlike 
sulphate of soda. They are usually four-sided, and termina- 

ted by four-sided pyramids. Sometimes both the prisms and 
terminating pyramids are six-sided. Its taste is alkaline and 
extremely bitter. When exposed to the air, it soon deliques- 

ces into a liquid of a syrupy consistence, tinging green all bo- 

dies with which it happens to be in contact. But this colour 

is not permanent, unless some metallic body happens to be in 
contact. The crystals have no smeil; but when they have 
deliquesced they emit a fetid odour. They dissolve both in 

water and alcohol; and during the solution the temperature 

of the liquid sinks considerably. Acids drive off the sulphu- 

retted hydrogen with a violent effervescence, and no sulphur 

is deposited. When thrown into sulphate of alumina, crys- 

tals of alum are soon deposited. This salt, like the other hy- 
drosulphurets, precipitates all metals from their solutions.* 

Sp. 3. Hydrosulphuret of soda. This compound may be pre- 3. of sodas 
pared by the same processes as the last. It is the best known 
of all the hydrosulphurets, as it is usually employed as a re- 
active. The properties of its solution in water were first 
pointed out by Berthollet, but Vauquelin first obtained it 
crystallized. Having laid aside a concentrated solution of im- 
pure carbonate of soda to crystallize, crystals of hydrosul- 
phuret of soda formed in it spontaneously. The crystals of 
this hydrosulphuret are transparent and colourless, having the 
figure of four-sided prisms terminated by quadrangular pyra- 
mids, and sometimes of octahedrons, Its taste is alkaline and 
intensely bitter. It is very soluble both in water and alcohol; 
and during the solution cold is produced. When exposed to 
the air it deliquesces, and assumes a green colour. Acids de- 
compose it, driving off the sulphuretted hydrogen. Its other 
properties are common to the hydrosulphurets.{ 

Though sulphuretted hydrogen and sulphurous acid mutu- Hydrosule 
ally decompose each other when both are uncombined, this eae 
does not appear to be the case when they are united to a base. soda. 
When water impregnated with sulphuretted hydrogen gas is 
mixed with liquid sulphite of soda, the smell of the gas is de- 


* Vauquelin, Ann, de Chim. xlu. 40. 

+ This carbonate had been procured by decomposing sulphate of soda by 
charcoal, and separating the.sulphur by means of lime. 

{ Vauquelin, Ann. de Chim. xli. 190. 
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Ps dha stroyed, and by evaporation a salt is obtained which appears to 

Uuision be a triple compound of the two gaseous bodies with soda. A 
salt similar to this has been described by Vauquelin, who in-- 
deed formed it artificially by the process just detailed. This 
salt is white and transparent, crystallizes in four-sided prisms, 
has no smell, and is not altered by exposure to the air. Its 
taste is cooling, bitter, and slightly alkaline. When heated it 
melts, then becomes again solid, gives out sulphur, and the 
residue assumes a deep red colour. No gas is disengaged.*¥ 

Sp. 4. Hydrosulphuret of lime. This compound is easily | 
prepared by passing sulphuretted hydrogen gas through lime 
suspended in water. ‘The lime dissolves and the hydrosul- 
phuret forms. The solution is colourless, and has an acrid 
and bitter taste. Its properties are analogous to the other 
hydrosulphurets. No attempts have been yet made to pro- 
cure this compound in crystals. 

Sp. 5. Hydrosulphuret of barytes. When sulphate of barytes 

5. Of bary- . : ake : ° 
tes. is converted into sulphuret, by mixing it with charcoal and 
keeping it red hot in a crucible, if boiling water be poured 
upon the black mass, and filtered while hot, the green-co- 
loured solution thus obtained yields by evaporation a great 
number of crystals. These crystals are hydrosulphuret of 
barytes. They are to be separated immediately by filtration, 
and dried between the folds of filtering paper.t They are 
white, and have a silky lustre. They have usually the form of 
scales, whose shape cannot be easily ascertained. ‘This com- 
pound is soluble in water, and the solution has a very slight 
tinge of green. Its taste is acrid and sulphurous; and when 

exposed to the air it is readily decomposed. 

Sp. 6. Hydrosulphuret of strontian. I have procured this 
compound by the same process as the hydrosulphuret of bary- 
tes, and its properties are so nearly similar, that it requires no 
peculiar description. 

“. Ofmag. Sp. 7. Hydrosulphuret of magnesia. Water, impregnated 

ae with sulphuretted hydrogen, dissolves magnesia, and forms a 
hydrosulphuret, the properties of which have not been ex- 
amined.} 

Sp. 8 and 9. Hydrosulphuret of glucina and ytiria. Prom 


* Vauquelin, Ann, de Chim. xxxii. 296. I have little doubt that this 
salt is a hyposulphite of soda; though I have not ventured to put it into the 
preceding chapter without having an opportunity of examining it. 

+ Berthollet, Ann. de Chim. xxv. 241. + Ibid. 235. 
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the experiments of Vauquelin and Klaproth, we know that the Mus 


hydrosulphurets do not precipitate those earths from acids. 
Hence it is likely that they are capable of combining with 
sulphuretted hydrogen; though the compounds have never 
been examined by chemists. Neither alumina nor zirconia 
combine with sulphuretted hydrogen. Hence the hydrosul- 
phurets precipitate these earths from acids, in consequence of 
the affinity of their base for the acid, which holds the earths 
in solution ; and at the same time sulphuretted hydrogen gas 
is emitted. 

When these hydrosulphurets are exposed to the tempera- 
_ ture of boiling water, a portion of the sulphuretted hydrogen 
is driven off. When they are boiled in contact with sulphur, 
a portion of the sulphur is dissolved, while sulphuretted hy- 
drogen is given out. 

Our knowledge of the remaining hydrosulphurets is too 
imperfect to enable us to coptinue their description. I shall 
place the few facts with which we are acquainted in a section 
by themselves. 
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Tue different alkaline and earthy bases are capable of com- How form- 


bining with hydroguretted sulphur, and forming with it com-°* 


pounds which have been longer known than the hydrosulphu- 
rets, though their properties have not been examined with the 
same precision. They may be formed by boiling the base 
together with sulphur in a quantity of pure water, or by dis- 
solving their sulphurets in water; in either case, hydroguret- 
ted hydrogen is formed, which combines with the base. These 
compounds were known formerly by the name of liquid hepars, 
or livers of sulphur. They may be formed also, as Berthollet 
has shown, by pouring a liquid hydrosulphuret upon sulphur. 
A portion of the sulphur is dissolved without the assistance 
of heat ; the liquid becomes dark-coloured, and is converted 
into hydroguretted sulphuret.* When prepared by the first 
process, they contain an excess of sulphur, which separates 
when sulphuretted hydrogen is made to pass through them. 
There can be little doubt that these compounds, if they 


* Ann. de Chim. xxv. 242, 
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could be obtained in a state of complete purity, would consist 
merely of hydroguretted sulphur united to the different bases. 
But, during their formation, both sulphurous and hyposul- 
phurous acid seem to be formed, which the presence of the 
base prevents from being decomposed. Hence the hydrogu- 
retted sulphurets, as they are commonly obtained, contain 
both sulphites and hyposulphites, salts which modify the by- 
droguretted sulphurets so much, that it is difficult to recog- 
nise their true properties. The following are the facts hitherto 
observed. | 

1. When the hydrate of potash and flowers of sulphur are 
mixed together in a phial, they act upon each other in a very 
short time, heat is evolved, and hydroguretted sulphuret 
formed of a fine red colour, which exhales sulphuretted hy- 
drogen gas when treated with an acid. Liquid potash of the 
specific gravity 1°26, when kept for 10 or 12 hours upon 
flowers of sulphur, dissolves it and forms a similar compound. 
When heat is applied the combination takes place much 
sooner. When dry sulphuret of potash is dissolved in water, 
the same kind of compound is produced.* In all these cases 
the appearance of the hydroguretted sulphuret is the same, 
though its properties differ considerably. When it is formed 
by heat, the quantity of sulphuretted hydrogen which it yields 
by means of acids is always inconsiderable, and often not per- 
ceptible. By trial, I find that this depends in a great measure 
upon the care with which it has been kept from the contact of 
the air. 

Liquid hydroguretted sulphuret of potash or soda, thus 
formed, is a liquid of a deep red colour verging upon brown; 
sometimes it has no smell; sometimes, as noticed by Proust, 
it has the smell of radishes; and by keeping it acquires the 
smell of sulphuretted hydrogen. Its taste is acrid, and as it 
were bitter and cooling. It stains the skin of a deep green. 
When kept in close vessels, it is said to deposit sulphur and 
to become colourless, being converted into a hydrosulphuret.+ 
It attacks with great energy every metal, aud often reduces it 
to the state of a sulphuret. Stahl demonstrated long ago, 
that it is capable of dissolving even gold. The nature of this 


* Proust, Jour. de Phys. lix. 266. 

+ With me this has never happened, though I have kept it in close ves- 
sels for years. It soon becomes colourless in vessels not closely shut, being 
converted into hyposulphite of potash. 
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solution has not been ascertained. By means of acids the ota. ur. 
gold is thrown down in the metallic state, and mixed with 
sulphur. 

2. When ammonia is kept in contact with the flowers Ammonia, 
of sulphur, it gradually dissolves a portion of it, and assumes 
a yellow colour, but does not acquire the odour of sulphuretted 
hydrogen.* Hydroguretted sulphuret of ammonia may be 
obtained by pouring on sulphur the hydrosul!phuret of ammo- 
mia. ‘The last portion of the liquid which passes over during 
the distillation of the fuming liquor of Boyle is also a hydro- 
guretted sulphuret. This compound very readily deposits the 
excess of sulphur which it contains, and approaches to the 
state of a hydrosulphuret. 

3. The hydroguretted sulphurets of barytes and strontian Barytes and 
may be procured by dissolving their sulphurets in water, or *°"""™ 
even by exposing them to the open air. They have a green 
colour and acrid taste, but much inferior in intensity to the 
fixed alkaline hydroguretted sulphurets: neither is their ac- 
tion on other bodies so powerful. 

4. When a mixture of lime and sulphur is boiled in water, time. 
the liquid assumes a beautiful orange colour, and contains in 
solution hydroguretted sulphuret of lime. This liquid has 
likewise a very bitter taste. It is the only liquid at present 
known which is capable of dissolving a notable quantity of 
azotic gas. When kept in close phials, it gradually deposits 
sulphur, united to the oxide of the glass, in the state of black 
crust, and becomes perfectly colourless, being converted into 
hyposulphite of lime. 

If three parts of slacked lime and one part of sulphur be 
boiled for an hour with twenty parts of water, and the liquid 
be decanted while yet hot from the undissolved portion into 
bottles exactly full and stopped, a few delicate bundles of 
orange-coloured crystals are deposited after some days stand- 
ing. If the solution be allowed to cool and remain for some 
hours in contact with the sediment, a very copious formation 
of them takes place throughout its whole substance bristling 
over its surface, and even hanging down from that of the liquid. 

If they be washed with water, and dried in vacuo by means of 
sulphuric acid, they become permanent in a dry atmosphere. 
These crystals were first noticed and described by Mr. Her- 
schel. ‘They have the form of four-sided prisms, somewhat 


* Proust, Jour. de Phys. lix. 269. 
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elongated and terminated by dihedral summits. They are 
very sparingly soluble in water. Water saturated with them 
between the temperature of 32° and 45° has the specific gra- 
vity 1:0105. It has a wine-yellow colour, and an acrid, bit- 
ter, and sulphureous taste. Hot water dissolves a much larger 
proportion which it does not deposit on cooling unless lime or 
some other body in fine powder be added. According to the 
analysis of Mr. Herschel these crystals are composed of 1 atom 
of bisulphuretted hydrogen, united to 2 atoms of lime, and 4 
atoms of water, or of 


Bisulphuretted hydrogen ...... Av L25o.. BbB9 

Pines 709 1S MA fake PZB ASK 

Water og eee ect eee 4°500'.. .. 28°94 
15°875 100°00* 


This is the only crystallized hydroguretted sulphuret that we 
are yet acquainted with. 

5. The hydroguretted sulphuret of magnesia may be formed 
by the same processes as the others. This compound has 
scarcely been examined. It has but little permanency. 

6. It has not been proved that the earths proper are capa- 
ble of combining with bisulphuretted hydrogen, and forming 
hydroguretted su!phurets. 


SECT. ITI. 


OF METALLIC HYDROSULPHURETS AND HYDROGURETTED 
SULPHURETS. 


Tue hydrosulphurets and hydroguretted sulphurets have 
the property of precipitating all metallic bodies, except rho- 
dium, from any solution in which they may be contained. 
They are therefore very valuable tests of the presence of me- 
tals, as they do not precipitate any of the earths except alu- 
mina and zirconia. The metallic precipitates are occasioned 
by the combination of sulphuretted hydrogen, hydroguretted 
sulphur, or of sulphur, with the metallic body, which is al- | 
ways deprived of a portion or of the whole of its oxygen, while 
at the same time the base of the hydrosulphuret combines with 
the acid which held the oxide in solution. The precipitate of 


* Edin. Phil. Jour. 1..11. 
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alumina and zirconia is occasioned by the base of the hydro- Chap. nt. 
sulphuret, while the sulphuretted hydrogen is exhaled in the ~~ 


state of gas, not being susceptible of combining with these 
earths. Hydrosulphuret, or hydroguretted sulphuret of pot- 
ash or ammonia, is usually made choice of for these precipita- 
tions; and the peculiar metal precipitated may in many cases 
be ascertained by the colour of the precipitate. The colour 
of these different precipitates may be seen by the following 
table: 


Precipitate by 
Hydrosulphuret Hydroguretted Sulphuret 


Metals. of Potash, of Potash. 
0G (8.6 Dilnehe 200 2. -- Black 
Pivtinwin 245) 22 Blacks 0 0.028) Black 
muver 0°. 65 0% pide %. ye 0.0% . Black 
Me¥OUrYy 0253). Brown black .... Brown, becoming black 


Palladium ..... Black 
Papper 22 eee Black. i200! 2.03) Brown 


POR eo 08s poe SO ES Black, becoming yellow 
Mickel. 2.805. Bae (eons: J, ee’ Digek 

Peabis  20 4. Sede Bineke 8, Black 

Se see OT Eee White, becoming black 
ee EE 2: White... . 4 ~--+° White 3 
Mismouth: 5.0.0. Black 2.060005 Black 

Antimony ..... Orange 270) gi. Orange-yellow 
Pelnram =.) {S Black?. i... . ...- Deep brown or black 
PEFSCMIC 3. 6 wu-e s. VEUOW vos cu ewe c Yellow 

Sovalt 26008: Big ein oe bee Black 

mentigoniese si) 7) White e).'0io. White 


Chromium .... Green 
Molybdenum .. Reddish brown 


Uranium...... Brows. 33.0822. Brownish-yellow * 
Tienam...... Glass green...... Bluish-green* 
Columbium.... Chocolate 

Cerium .0...-.. Brown 


The nature of these precipitates has been very much over- 
looked by chemists; yet the subject deserves a very particular 
investigation, as it would enable us to ascertain the nature of the 
compounds which metals and their oxides form with sulphur 
and its compounds with hydrogen. The following remarks 
are all that at present can be offered. 


* In these experiments hydrosulphuret of ammonia was used by Klap- 
roth. 
VoL. II. 22 
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1. Almost all the metals combine with sulphur, and form 
sulphurets which are tasteless, insoluble in water, brittle, and 
often possess the metallic lustre.* 

2. Sulphur reduces many oxides to the metallic state; but 
with others it seems to combine, and to form compounds 
which: may be called sulphuretted oxides. ‘Three such com- 
pounds have been examined and described by chemists; 
namely sulphuretted oxide of tin, of manganese, and of iron. 

3. Whether sulphuretted hydrogen be capable of combining 
with metals has not been ascertained. The analogy of other 
acids would lead us to conclude that it isnot; but in chemistry 
analogies are always dangerous, and generally mislead. The 
facility with which sulphuretted hydrogen gas tarnishes lead, 
brass, and silver, is known to all practical chemists; but in 
these cases the gas seems decomposed, and a simple sulphuret 
only to be formed. Water impregnated with this gas dissolves 
some of the metals, especially iron; but it is probable that the 
metal in these cases is converted into an oxide. 

4. It seems to have the property of reducing the greater 
number of oxides to the metallic state. Hence the reason of 
the precipitates which it throws down from metallic solutions. 
The hydrogen of the gas and the oxygen of the oxide mutu- 
ally unite, while the sulphur and the metal reduced fall down 
in combination. Most of the metallic precipitates are nothing 
else than common sulphurets. ‘To this, however, there are 
several exceptions. 

Proust has shown that the red oxide of mercury has the 
property of decomposing the sulphuretted hydrogen of hydro- 
sulphurets,+ while Berthollet has ascertained that the rapidity 
of the effect depends upon the proportion of the substances 
employed.{ When red oxide of mercury is agitated in a li- 
quid hydrosulphuret, a black powder is formed. This black 
powder, when heated, passes rapidly into cinnabar. The 
same change takes place slowly if it be exposed to the light. 
From these facts Berthollet has concluded, that this black 
powder consists, at least partly, of oxide of mercury and sul- 
phuretted hydrogen, and that by the action of heat the mu- 
tual decomposition of the gas and oxide is accelerated. If 
this be correct, the black powder may be considered as con- 
sisting, at least partly, of hydrosulphuret of mercury. 


* See vol. i. p. 409, and Book I. Division I. Chapter IV. 
+. Jour, de Phys. lix. 268. + hid. 1x. 288. 
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When sulphuretted hydrogen or a hydrosulphuret is poured Ch Ul 
into a.salt of tin, a precipitate is produced, varying in colour 
according to the state of oxidizement of the metal. With the or tin. 
peroxide it is a golden yellow; with the protoxide, a dark 
brown. Proust informs us, that both of these precipitates are 
hydrosulphurets, or combinations of sulphuretted hydrogen 
with the respective oxides of tin unchanged. When muriatic 
acid is poured upon them, the sulphuretted hydrogen is driven 
off, and muriated tin formed.* 

The following are the metallic hydrosulphurets at present 
known: 

Hydrosulphuret of tin. Both oxides of tin unite with sulphu- 
retted hydrogen: Hydrosulphuretted protoxide is dark 
brown; hydrosulphuretted peroxide, golden yellow. 

Hydrosulphuret of zinc. Zinc is thrown down from acids in 
the state of a yellowish-white mass by the hydrosulphuret of 
potash or ammonia. This mass dissolves completely in mu- 
riatic acid, and at the same time a great quantity of sulphu- 
retted hydrogen is exhaled. Hanes: it is obviously a hydro- 
sulphuret. It may be formed also by treating the white oxide 
of zinc with hydrosulphuret of ammonia.+ Vauquelin re- 
marks, that the transparent specimens of native sulphuret of Biende. 
zinc or blende often dissolve in the same way, emitting sulphu- 
retted hydrogen.{ It is possible that these specimens ap- 
proach the nature of hydrosulphuret of zinc. In that case 
there would be three different kinds of minerals at present 
confounded under the term blende; namely, sulphuret of zinc, 
sulphuretted oxide of zinc, and hydrosulphuret of zinc. But 
this must be left for subsequent investigation. 

Hydrosulphuret of antimony. When hydrosulphuret of pot- 
ash, or ammonia is dropped into an acid solution of antimony, 

a beautiful orange-coloured precipitate falls, which the ‘ex- 
periments of Ber rthollet, Thenard, and Proust have demon- 
strated to be a hydrosulphuret of antimony. This compound, 
under the name of kermes mineral, acquired very great celebrity Kermes 
for its medical virtues about the beginning of the 18th century. """" 
Themethod of preparing it was first discovered by Glauber, and 
afterwards by Lemery the Elder; but it was first brought into 
vogue in France'by a priest called Simon, who was taught the 


* Jour. de Phys. lix. 336. 
+ See Berthollet’s Table, Ann. de Chim. xxv, 272. 
* Ann. de Chim, xxxvil. 66. 
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secret of preparing it by La Ligerie, a surgeon, to whom it 
had been communicated by a pupil of Glauber. The French 
government purchased the secret from La Ligerie, and pub- 
lished the process in 1720. It was very tedious and ill con- 
trived, consisting in boiling repeatedly a very diluted solution 
of potash on sulphuret of antimony ; a small portion of kermes 
precipitated as the solution cooled. The process of Lemery 
was therefore adopted by apothecaries. It is the following : 

Sixteen parts of sulphuret of antimony, eight parts of pot- 
ash of commerce, and one part of sulphur, are triturated 
together in a mortar, melted in a crucible, and the mass 
poured into an iron vessel. When cold it is pounded, and 
boiled in a sufficient quantity of water, and the solution is fil- 
tered while hot. On cooling, it deposites the kermes abun- 
dantly in the state of a yellow powder, which is edulcorated 
with a sufficient quantity of water, and dried: Or six parts of 
potash may be dissolved in twenty parts of water; and to this 
solution, previously made boiling het, one part of pounded 
sulphuret of antimony may be added. The solution, well 
agitated, boiled for seven or eight minutes, and filtered while 
hot, deposites on cooling abundance of kermes. 

This powder occupied a good deal of the attention of che- 
mists. Bergman first demonstrated that it contained sulphu- 
retted hydrogen ; but it was Berthollet who first pointed out 
its true composition. From the analysis of Thenard, it fol- 
lows that it is composed of 


20°30 sulphuretted hydrogen 
4°15 sulphur 

72°76 protoxide of antimony 
2°79 water and loss 


100°00 * 


When this substance is exposed ‘to the air, it gradually ab- 
sorbs oxygen and becomes white, and the sulphuretted hy- 
drogen exhales. 

After the mineral kermes has precipitated from its solution 
prepared by either of the formulas above described, if an acid 
be added to the liquid, another precipitate is produced of an 
orange colour; hence called sulphur auratum. According to 
the analysis of Thenard, it is composed of 


* Ann. de Chim, xxxii. 268. 
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17°87 sulphuretted hydrogen 
68°30 protoxide 
12:00 sulphur 


98:1'7,* 

Hence it is a hydrosulphuret with excess of sulphur and a 
smaller proportion of base. Goettling has proposed the fol- 
lowing process for obtaining this compound: two parts of 
sulphuret of antimony and three parts of sulphur, well mixed, 
are dissolved in a boiling solution of pure potash ; the solu- 
tion is then diluted with water, and precipitated by means of 
a weak sulphuric acid.+ 

If the sulphuret of antimony be deprived of a part of its 
sulphur by roasting, and the residual matter be boiled, with a 
solution of soda in water, the liquid on evaporation deposits 
irregular crystals, which, from the experiments to which I 
have subjected them, appear to be a hydrosulphuret of soda~ 
and-antimony. They are semitransparent and have a slight 
shade of red. They dissolve in water. The solution is at first 
nearly colourless, and when kept in a full and well-stopped 
phial deposits a fine reddish crust on the inside of the phial ; 
after which the solution undergoes no farther change. When 
muriatic acid is dropped into the solution a quantity of sul- 


phuretted hydrogen gas is driven off, and a copious precipi-- 


tate of sulphur auratum falls. This salt has been for some 
time used by calico printers for striking an orange colour upon 
cloth. 

Hydrosulphuret of manganese. When the black oxide of 
manganese is treated with sulphuretted hydrogen water, its 
black colour disappears; a portion of the sulphuretted hydro- 
gen is decomposed at the expense of the oxygen of the black 
oxide; and the green oxide, thus evolved, is dissolved by the 
sulphuretted hydrogen, and by evaporation a white mass is 
obtained, which dissolves completely in muriatic acid, while 
abundance of sulphuretted hydrogen is exhaled. It is there- 
fore a hydrosulphuret of manganese.{ ‘The same compound 
is obtained when hydrosulphuret of potash is mixed with a 
salt of manganese. 


* Ann. de Chim.xxxil. 268. 

+ Bergman, iti. 172. The experiments of Proust on these compounds 
are highly interesting, but too long for insertion here. See Jour. de Phys. 
lv. 328. 

+ Berthollet, Ann. de Chim, xxv, 258. 
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gree Flydrosulphuret of arsenic. Sulphuretted hydrogen com- 

. bines with the white oxide of arsenic dissolved in water. The 
liquid assumes a yellow colour, but no precipitate appears. 
Hence the hydrosulphuret of arsenic, like that of manganese, 
is soluble in water, at least by the assistance of an excess of 
sulphuretted hydrogen. ‘This hydrosulphuret exactly re- 
sembles in appearance yellow sulphuret of arsenic. 

Hydrosulphuret of iron, Sulphuretted hydrogen combines 
with the black oxide of iron, and the compound is soluble in 
water; but the solution soon lets fall a black powder, which is 
a hydroguretted sulphuret of iron. 

Hydrosulphuret of platinum. This substance was first exa- 
mined with precision by Mr. Edmond Davy, though it had 
been noticed by preceding chemists. It is obtained by passing 
a current of sulphuretted hydrogen gas through a solution of 
platinum in nitro-muriatic acid. It gradually precipitates. 
When dried without the contact of air its properties are as 
follows: 

It has a dark-brown colour, and little external lustre. Its 
taste is at first insipid, then saline. When heated just below 
redness it deflagrates and is partially decomposed. Ata red 
heat it gives out sulphureous fumes, and metallic platinum re- 
mains. When heated in close vessels over mercury it gives 
out water, sulphurous acid gas, sulphuretted hydrogen, a 
little sulphur, and a substance resembling sulphuret of plati- 
num. ‘The residue is sulphuret of platinum. When heated 
in acids it gives out gas. When exposed to the air sulphuric 
acid is formed in it. According to the analysis of Mr. Edmond 
Davy, its constituents are as follows: * 


Sulphuret‘of platinum ‘is. iy 6. 4 ve 83°00 
Sulphuretted hydrogen 202909 242.20. acne, 4°56 
Sulphur. cya thud. ali, ceeds KAA, 4°00 


Water impregnated with sulphuretted hydrogen 8-44 


100°00 


[tis not unlikely that this singular substance may be a 
compound of 2 atoms of sulphuret of platinum, and 1 atom of | 
sulphuretted hydrogen or hydroguretted sulphur. 


* Phil. Mag. xl, 210. 


SOAPS. 


CHAP. IV. 


OF SOAPS. 


711 


Tur true nature of soap has been ascertained by the ex- Chap. rv. 


periments of Chevreul. The fixed oils and tallow, he has 
shown, consist each of two distinct substances, which he has 
distinguished by the names stedirin and elain. Salifiable bases 
have the property of altering the composition of these bodies, 
and of converting them into two acid bodies, to which he 
has given the appellations of margaritic acid and oleic acid. 
Soaps are nothing else than the combinations of these two 
acids with salifiable bases.* In the soaps of commerce, both 
margaritic and oleic acid usually exist together. The weight 
of an atom of each of these acids is as follows: 


Margaritic RCIC.. oa els.too o 
Oleic ACK wes «sai walk (OG 


So that 100 margaritic acid combine with 18 potash and 
12 soda. 
100 oleic acid combine with 16°6 potash and 11-1 
soda. . 
When the bases of soaps are the alkalies, the soaps are 
soluble in water, and may be employed for the purposes of do- 
mestic economy. But when the earths or metallic oxides 
constitute the bases of soaps, these bodies are insoluble in 
water, and do not of course answer the purposes of detergents. 
On this account it will be proper to treat of each set separately. 


SECT. I. 


OF ALKALINE SOAPS. 


As there are a great number of fixed oils, all or most of 
which are capable of combining with alkalies, earths, and 
oxides, it is natural to suppose that there are as many genera 
of alkaline soaps as there are oils. ‘That there are differences 
in the nature of soaps, corresponding to the oil which enters 
into their composition, is certain; but these differences are 


» A detailed account of these substances has been given in a preceding 
chapter of this volume. 
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ill be sufficient therefore to divide the alkaline soaps into 
as many species as there are alkalies, and to consider those 
soaps which have the same alkaline base, but differ in their 
oil, as varieties of the same species. 


Sp. 1. Soap of Soda, or Hard Soap. 


The word soap (sapo, camov) first occurs in the works ‘of 
Pliny and Galen, and is evidently derived from the old Ger- 
man word sepe.* Pliny informs us that soap was first dis- 
covered by the Gauls; that it was composed of tallow and 
ashes; and that the German soap was reckoned the best.+ 

Soap may be prepared by the following process: a quantity 
of the soda of commerce is pounded and mixed in a wooden 
vessel with about a fifth part of its weight of lime, which has 
been slacked and passed through a sieve immediately before. 
Upon this mixture a quantity of water is poured, considerably 
more than what is sufficient to cover it, and allowed to re- 
main on it for several hours. The lime attracts the carbonic 
acid from the soda, and the water becomes impregnated with 
the pure alkali. This water is then drawn off by means of a 
stop-stock, and called the first ley. Its specific gravity should 
be about 1°200. 

Another quantity of water is then to be poured upon the 
soda, which, after standing two or three hours, is also to be 
drawn off by means of the stop-stock, and called the second 
ley. 

Another portion of water is poured on; and after standing 
a sufficient time, is drawn off like the other two, and called 
the third ley. 

Another portion of water may still be poured on, in order 
to be certain that the whole of the soda is dissolved; and this 
weak ley may be put aside, and employed afterwards in form- 
ing the first ley in subsequent operations. | 

A quantity of oil, equal to six times the weight of the soda 
used, is then to be put into the boiler, together with a portion 
of the third or weakest ley; and the mixture must be kept 
boiling and agitated constantly by means of a wooden instru- 
ment. ‘The whole of the third ley is to be added at intervals 
to the mixture; and after it is consumed, the second ley must 


* Beckmann’s History of Inventions, iii. 239. A similar word is still 
used by the common people of Scotland. 
7 Phony, lib. xviii. 51. 
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be added in the same manner. The oil becomes milky, com- Chap. rv. 


bines with the alkali, and after some hours it begins to acquire 
consistence. A little of the first ley is then to be added, not 
forgetting to agitate the mixture constantly. Portions of the 
first ley are to be added at intervals; the soapy substance ac- 
quires gradually greater consistency, and at last it begins to 
separate from the watery part of the mixture. A quantity of 
common salt is then to be added, which renders the separation 
much more complete. The boiling is to be continued still for 
two hours, and then the fire must be withdrawn, and the liquor 
must be no longer agitated. After some hours repose, the 
soap separates completely from the watery part, and swims 
upon the surface of the liquor. The watery part is then to be 
drawn off; and as it contains a quantity of carbonate of soda, 
it ought to be reserved for future use. 

The fire is then to be kindled again; and, in order to faci- 
litate the melting of the soap, a little water, or rather weak 
ley, is to be added to it. As soon as it boils, the remainder 
of the first ley is to be added to it at intervals. When the 
soap has been brought to the proper consistence, which is 
judged of by taking out small portions of it and allowing it 
to cool, it is to be withdrawn from the fire, and the watery 
part separated from it as before. It is then to be heated again, 
and a little water mixed with it, that it may form a proper 
paste. After this let it be poured into the vessels proper for 
cooling it; in the bottom of which there ought to be a little 
chalk in powder, to prevent the scap from adhering. In a 
few days the soap will have acquired sufficient consistence to 
be taken out, and formed into proper cakes.* 

The use of the common salt in the above process is to se- 
parate the water from the soap ; for common salt has a stronger 
affinity for water than soap has. 

Olive oil has bean found to answer best for making soap, 
and next to it, perhaps, tallow, might be placed: but a great 
variety of other oils may be employed for that purpose, as ap- 
pears from the experiments of the French chemists above 
quoted. They found, however, that linseed oil.and whale oil 
were not proper for making hard soaps, though they might be 
-employed with advantage in the manufacture of soft soaps. 
Whale oil has been long used by the Dutch for this last pur- 
pose. 


* See the Memoir of Darcet, Lelievre, and Pelletier, in the Ann. de 
Chim. xix. 253. 
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Soaps may also be made without the assistance of heat; but 
in that case a much longer time and a larger proportion of 
alkali is necessary. 

The hard soap of commerce varies so much in its propor- 
tion of water that it is impossible to state its composition with 
accuracy. Supposing no adulteration, its constituents will be 
nearly as follows : 


1 atom margaritic and oleic acids. . 64°49 


P avout soda. . fe ee ee eee Le eT 
Zo Gtoms WOLEr. . sce. coer ren 27°94 
100:00 


As the proportion of water increases, that of the other 
constituents of course diminishes. I have met with soap 
composed as follows : 


Leatemoilyacits, ws strode welt Rens 44°63 
db RROTIWS OCS gia. « le BA, ocd nts tan 5°24 
6S° atomsvwaten.s< shiccs sieulales ax toda SOLS 
100°00 


The purchaser of such a soap pays half of his money for 
water. From the experiments of Colin, it appears that water 
is essential to the fabrication, and probably to the constitu- 
tion of soap. But the proportion usually found in soap seems 
excessive. 

Soap is soluble both in water and in alcohol. Its properties 
as a detergent are too well known to require any description. 

Soap made with tallow and soda has a white colour, and is 
therefore known by the name of white soap: but it is usual 
for soap-makers, in order to lower the price of the article, to 
mix a considerable portion of rosin with the tallow; this 
mixture forms the common yellow soap of this country. 


Sp. 2. Soap of Potash, or Soft Soap. 

Potash may be substituted for soda in making soap, and in 
that case precisely the same process is to be followed. It is 
remarkable, that when potash is used, the soap does not assume 
a solid form ; its consistence is never greater than that of hog’s 
lard. ‘This is what in this country is called soft soap. Its 
properties as a detergent do not differ materially from those 
of hard soap, but it is not nearly so convenient for use. The 
alkali employed by the ancient Gauls and Germans in the 
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formation of soap was potash; hence we see the reason that it Chap. iv. 
is described by the Romans as an unguent. The oil employed Seco 
for making soft soap in this country is whale oil. A little 

tallow is also added, which, by peculiar management, is dis- 

persed through the soap in fine white spots. 

Some persons have affirmed that they knew a method of 

making hard soap with potash. Their method is this: after 
forming the soap in the manner above described, they add to 
it a large quantity of common salt, boil it for some time, 
and the soap becomes solid when cooled in the usual way. 
That this method may be practised with success has been as- 
certained by Messrs. Darcet, Lelievre, and Pelletier: but then 
the hard soap thus formed does not contain potash but soda; 
for when the common salt is added, the potash of the soap 
decomposes it, and combines with its muriatic acid, while at 
the same time the soda of the salt combines with the oil, 
and forms hard soap: and the muriate of potash formed by 
this double decomposition is dissolved in water, and drawn off 
along with it.* 


Sp. 3. Soap of Ammonia. 
This soap was first particularly attended to by Mr. Berthol- 


let. It may be formed by pouring carbonate of ammonia on 
soap of lime. A double decomposition takes place, and the 
soap of ammonia swims upon the surface of the liquor in the 
form of an oil; or it may be formed with still greater ease by 
pouring a solution of muriate of ammonia into common soap 
dissolved in water. 

It has a more pungent taste than common soap. Water 
dissolves a very small quantity of it; but it is easily dissolved 
in alcohol, When exposed to the air, it is gradually decom- 
posed. ‘The substance called volatile limiment, which is em- 
ployed as an external application in rheumatisms, colds, &c. 
may be considered as scarcely any thing else than this soap. 

All the alkaline soaps agree in the properties of solubility in 
water and alcohol, and in being powerful detergents. 


* Ann. de Chim. xix. 322. 
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SECT. II. 
OF EARTHY SOAPS. 


Tue earthy soaps differ essentially from the alkaline in their 
properties. They are insoluble in water, and incapable of 
being employed as detergents. ‘They may be formed very rea- 
dily by mixing common soap with a solution of an earthy salt: 
the alkali of the soap combines with the acid of the salt, while 
the earth and oil unite together and form an earthy soap. 
Hence the reason that all waters holding an earthy salt are 
unfit for washing. ‘They decompose common soap, and form 
an earthy soap insoluble in water. These waters are well known 
by the name of hard waters. Hitherto the earthy soaps have 
been examined by Berthollet and Chevreul only. 


Sp. is Soap of Lime. 


This soap may be formed by pouring lime-water into a so- 
lution of common soap. It is insoluble both in water and al- 
cohol. Carbonate of fixed alkali decomposes it by compound 
affinity.* It melts with difficulty, and requires a strong heat. 

Soap of barytes and of strontian resemble almost exactly 
the soap of lime. 


Sp. 2. Soap of Magnesia. 


This soap may be formed by mixing together solutions of 
common soap and sulphate of magnesia. It is exceedingly 
white. It is unctuous, dries with difficulty, and preserves its 
whiteness after desiccation. It is insoluble in boiling water. 
Alcohol and fixed oil dissolve it in considerable quantity. 
Water renders its solution in alcohol milky. A moderate heat 
melts it; a transparent mass is formed, slightly yellow, and 
very brittle.t 


Sp. 3. Soap of Alumina. 


This soap may be formed by mixing together solutions of 
alum and of common soap. It is a flexible soft substance, 
which retains its suppleness and tenacity when dry. It is in- 


* Thouvenel. 
+ Berthollet, Mem. Par. 1780, or Nicholson’s Jour. i. 170. 
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soluble in alcohol, water, and oil. Heat easily melts it, and chap. 1v. 
reduces it to a beautiful transparent yellowish mass.* a 


SECT. III. 
OF METALLIC SOAPS AND PLASTERS. 


MErattic oxides are capable of combining with oils by two 
different processes: 1. By mixing together a solution of com- 
mon soap with a metallic salt: 2. By uniting the metallic oxide 
with the oil directly, either cold or by the assistance of heat. 
The first of these combinations is called a metallic soap ; the 
second a plaster. Let us consider each of these in their order. 


I. Metallic Soaps. 


These soaps have been examined by Mr. Berthollet, who 
has proposed some of them as paints, and others as varnishes ; 
but it does not appear that any of them has been hitherto ap- 
plied to these purposes. 

1. Soap of mercury may be formed by mixing together a so- 
lution of common soap and of corrosive muriate of mercury. 
The liquor becomes milky, and the soap of mercury is gra- 
dually precipitated. This soap is viscid, not easily dried, loses 
its white colour when exposed to the air, and acquires a slate 
colour, which gradually becomes deeper, especially if ex- 
posed to the sun or to heat. It dissolves very well in oil, but 
sparingly in alcohol. It readily becomes soft and fluid when 
heated.+ 

2. Soap of zinc may be formed by mixing together a solu- 
tion of sulphate of zinc and of soap. It is of a white colour, 
inclining to yellow. It dries speedily, and becomes friable. 

3. Soap of cobalt, made by mixing nitrate of cobalt and 
common soap, is of a dull leaden colour, and dries with diffi- 
culty, though its parts are not connected. 

Mr. Berthollet observed, that towards the end of the preci- 
pitation there fell down some green coagula, much more con- 
sistent than soap of cobalt. These he supposed to be a soap 
of nickel, which is generally mixed with cobalt.§ 

4, Soap of tin may be formed by mixing common soda with 


* Berthollet, Mem. Par. 1780, or Nicholson’s Jour. i. 170. 
+ Ibid. t Ibid. § Ibid. 
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a solution of tin in nitro-muriatic acid. It is white. Heat 


~~ does not fuse it like other metallic soaps, but decomposes it.* 


Properties. 


5. Soap of tron may be formed by means of sulphate of iron. 
It is of a reddish-brown colour, tenacious, and easily fusible. 
When spread upon wood, it sinks in and dries. It is easily 
soluble in oil, especially of turpentine. Berthollet proposes it 
as a varnish.t 

6. Soap of copper may be formed by means of sulphate of 
copper. It is of a green colour, has the feel of a resin, and 
becomes dry and brittle. Hot alcohol renders its colour deeper, 
but scarcely dissolves it. Ether dissolves it, liquefies it, and 
renders its colour deeper and more beautiful. It is very so- 
luble in oils, and gives them a pleasant green colour. 

7. Soap of lead may be formed by means of acetate of lead. 
It is white, tenacious, and very adhesive when heated. When 
fused it is transparent, and becomes somewhat yellow if the 
heat be increased.§ 

8. Soap of silver may be formed by means of nitrate of sil- 
ver. It.is at first white, but becomes reddish by exposure to 
the air. When fused, its surface becomes covered with a very 
brilliant iris; beneath the surface it is black. | 

9. Soap of gold may be formed by means of muriate of gold. 
It is at first white, and of the consistence of cream. It ora- 
dually assumes a dirty purple colour, and adheres to the skin, 
so that it is difficult to efface the impression.** | 

10. Soap of manganese may be formed by means of sulphate 
of manganese. It is at first white, but it assumes in the air a 
reddish colour, owing evidently to the absorption of oxygen. 
It speedily dries to a hard brittle substance, and by liquefac- 
tion assumes a brown-blackish colour.++ 


Il. Plasters. 


Plasters are combinations of oils and metallic oxides destined 
to be spread upon leather or cloth, and in that state to be ap- 
plied as a covering of ulcers, &c. They ought to be solid bo- 
dies, not so hard as to refuse to spread easily and equally, nor 
so soft as to run into oil when heated by the skin. They ought 
to admit of being easily kneaded when heated with the hand, 
to adhere firmly to the skin, but to be capable of being re- 


* Berthollet, Mem. Par. 1780, or Nicholson’s Jour. i. 170. 
+ Ibid. t Ibid. § Ibid. 
| Ibid. ** Abid. t+ Ibid. 
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moved without leaving behind them any stain, Without these 
properties they do not answer the purpose for which they are 
destined, which is chiefly adhesion. 

The only chemist who bas hitherto examined plasters with 
attention is Deyeux, to whom we are indebted for some excel- 
lent observations on the method of preparing them.* 

The oxides hitherto employed for making plasters are those 
of lead; and litharge is usually considered as the best adapted 
for that purpose of any of these oxides. But the oxides of se- 
veral of the other metals, as bismuth and mercury, are also ca- 
pable of forming plasters, and might perhaps in some cases be 
employed with advantage. Some metallic oxides, however, as 
those of iron, are not susceptible of that kind of combination 
with oils which constitutes plasters.+ 

All the fixed oils are capable of forming plasters; but they 
do not all form plasters with the same properties. The drying 
oils, linseed oil for instance, form plasters of a much softer 
consistency than the fat oils; but these last acquire the same 
properties as the drying oils if they be combined with muci- 
lage. Thus, olive oil, boiled for some time with linseed or 
fenugrec, forms with litharge plasters as soft as those composed 
of linseed oil and litharge. According to Deyeux, olive oil 
answers better for plasters than any other. 

There are three different ways of forming plasters. ‘The 
first consists in simply mixing together oil and litharge in pro- 
per proportions, and allowing the mixture to remain a con- 
siderable time in the common temperature of the atmosphere, 
agitating it occasionally, ‘The oxide gradually loses its colour 
and combines with the oil, and the mixture acquires consist- 
ence. ‘This process is tedious, and does not furnish plasters 
sufficiently solid to answer the purposes for which they are in- 
tended. It is not therefore employed. 

The second method consists in throwing the oxide into the 
oil while boiling. Plasters formed by this process have always 
a deep colour and a peculiar odour, occasioned by the decom- 
position of a portion of the oil. When this process is fol- 
lowed, it is necessary that the oxide should be in the state of 
a fine powder; and that by agitation it should be made to com- 
bine with the oil as fast as possible, otherwise the metal will be 
revived altogether, in consequence of the strong tendency 


* Ann. de Chim. xxxiii. 50. 
+ Deyeux, Ann. de Chim, xxxiil. 50. 
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which oil has to combine with oxygen when raised to a high 
temperature. “ 
The third method is most frequently practised, because it is 


not liable to the same inconveniences as the other two. This 


method consists in boiling the oil and the oxide together in a 
sufficient quantity of water. By this liquid the heat is mo- 
derated at first till the oil and oxide combine, which prevents 
the revival of the metal; and afterwards when the water is dis- 
sipated, the temperature is sufficiently high to give the plaster 
the requisite consistency. 

Plasters, when long kept, become often too hard to be fit 
for use, especially if the requisite proportion of oil has not 
been employed at first. This defect is easily remedied, by 
melting them with a small portion of new oil. Plasters, when 
long kept, likewise change their colour, and most of their sen- 
sible properties: owing either to the absorption of oxygen, or 
to some change produced in their component parts by the ac- 
tion of the air. 


CHAP. V. 
GENERAL REMARKS. 


Ir we exclude the compound combustibles, the nature of 
which has not been hitherto sufficiently studied, all the pri- 
mary compounds, with afew exceptions indeed, may be divided 
into the two grand classes of acids and bases. All the secon- 
dary compounds described in the preceding chapters, except 
the hydrates, may be considered as combinations of acids and 
bases. 'The hydrates indeed have been considered by some 
modern chemists, as likewise saline. combinations. But this 
name cannot be applied to them without extending the mean- 
ing of the terms acid and base so far as to render them really 
useless. For in the hydrates we must. consider the water as 


sometimes acting the part of an acid, and sometimes of a base. — 


While in the crystallized salts, as in sulphate of soda, it would 


_ be impossible either to apply the term acid or base to the water 


without manifest impropriety. It seems much better, there-— 


fore, to consider hydrates as a species of compound quite dif- 
ferent from salts. ‘The water is capable equally of uniting with 
acids, bases, and salis. It does not deprive them of their cha- 
racteristic properties, or neutralize them as the bases do the 
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acids. As far as we know at present, water is capable of tap. v. 


uniting with other bodies in a greater number of proportions 

than either acids or bases. Scarcely any of the acids or bases 
have been found united with other bodies in a greater propor- 
tion than 4 atoms. But some salts contain no fewer than 36 
atoms of water. Sophisticated soap sometimes contains no 
fewer than 68 atoms of water to one of the true soap. 

The salts, the hydrosulphurets, and soaps are true saline 
compounds, though sufficiently distinct from each other to de- 
serve a separate place in every chemical arrangement. ‘Soaps 
do not crystallize or assume regular forms. Hydrosulphurets 
crystallize, but they cannot be preserved in contact with the 
atmosphere without undergoing a series of changes, which 
have not been sufficiently examined. Hereafter the hydro- 
tellurets will form a set of bodies analogous to the hydrosul- 
phurets. I have little doubt that a careful examination of 
them would throw considerable light on the changes which the 
hydrosulphurets undergo. 

Several of the secondary compounds, as common salt, nitre, 
green vitriol, &c. are found ready formed by nature. It was 
by studying their properties that the science of chemistry first 
originated. ‘They furnished some of the most powerful re- 
agents which have been applied to the investigation of the 

composition of natural bodies; such as nitric acid, muriatic 
acid, sulphuric acid, soda, &c. 


violent action upon other bodies, which distinguish the pri- 


blance to the simple substances. Sulphur, for instance, is a 


| upon animals, and not at all perceptibly upon vegetables and 
i minerals; and oxygen, though it undoubtedly merits the ap- 
| pellation of an active body, shows neither in its taste nor in its 
I action on animals and vegetables, any thing which deserves the 
name of acrid or caustic; but sulphuric acid, though com- 
| posed of these two inoffensive bodies, is one of the most ac- 
A ize and corrosive substances known, and burns and decom- 
‘\poses almost all the animal and vegetable bodies which are ex- 
4\posed to its influence. Potash is, if possible, still more cor- 
#rosive ; even the hardest mineral is unable to resist its action. 
But sulphate of potash, though composed of these two formi- 
didable bodies, is not more active than sulphur itself. This sin- 
iigular correspondence between simple substances and secondary 
Se vOL. Il. 3A 


body which has scarcely any taste, and which acts but feebly. 


Few of the secondary compounds have that activity, that secondary 
compounds 
resemble 


mary compounds. In this respect they bear a strong resem- simple bo- 


722 


Book fl. 


Division Il. 
mn anand 


None of 
them gases. 


GENERAL REMARKS. 


compounds, and the striking contrast between them and the 
primary compounds, deserve attention. It demonstrates to us, 
that the activity of bodies is not proportional to their simpli- 
city, as has been hitherto supposed; and that there is some 
other cause, besides combination with other bodies, to blunt 
their energy. : 

Several of the simple bodies exist commonly in the state of 
gas: this is the case also with the primary compounds; but no 
gaseous body is found among the secondary compounds, and 
only a comparatively small. number of liquid bodies. Almost 
all of them are solid, and probably every one of them is sus- 
ceptible of assuming that form. Hence we see that gaseous. 
bodies have all of them a considerable degree of simplicity ; 
few of them, as far as is known, containing more than two 
component parts, if we omit the consideration of light and 
caloric altogether; or three component parts, if we include 
these bodies. had 
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